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B&V WASTE SCIENCE AND TECHNOLOGY CORP.

MEMORANDUM
_ ! | .
Chevron Chemical Company BVWST Project 52013.040
| | - BVWST File E.1
Source Area Calculations . - May 28, 1992

Hazardous Waste Quantity Calculations
To: Project File
From: Cynthia Gurley (l‘37'

Hazardous waste quantity was estimated for source: 3 at Chevron
Chemical Company. in Orlando, Florida. The area of contaminated soil
(Source: 3) is based on surface soil sample locations and Figure 3-4
site sample location map produced by Brown and Caldwell Consultants in
the Contamination Assessment Report (December 1990). The volume of
sources 1 and 2 were estimated based on measurements made while in the
field. These dimensions are reported in the Contamination Assessment
Report conducted in December 1990 (Ref. 3, p. 1-4, Tab]e 4-4).

Waste quantity calculations for each of the source areas are provided
in the attached.
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B&V WASTE SCIENCE AND TECHNOLOGY CORP.

Hazardous Waste Quantity Calculations

1. Rinsate Pond A - Surface Volume: 90’ x 45’ x 3’ = 12,150 ft3
Source type: surface impoundment

Assigned: 12,150 ft® x 3.704 x 1072 yd®/ft® = 450.04 yd®
450.04 yd® + 2.5 = 180.01

2. Rinsate Pond B - Surface Volume: 70’ x 20’ x 3’ = 4,200 ft?3
Source type: surface impoundment

Assigned: 4,200 ft? x 3.704 x 107 yd®/ft> = 155.57 yd®
155.57 yd® + 2.5 = 62.23
3. Contaminated Soil - Surface Area: 86,600 ft?
Source type: Landfill

Assigned: 86,600 ft? + 34,000 = 2.55

Waste Quantity Factor Total

1. Rinsate Pond A 180.01
2. Rinsate Pond B 62.23
3. Contaminated Soil 2.55

: 244.79

(Reference 1, Table 2-6,p. 51591) : 100
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Aerial view of the Orlando businean district looking northward from
Lake Jucerne.

WATER %%SOURC
ORANGE COUNTY. FLORIDA

By
W. F. Lichtler, Warren Anderson, and B. F. Joyner

ABSTRACT

The population and industry of Orange County are expanding
rapidly but the demand for water is expanding even more rapidly.
This report provides information for use in the development and
management of the water resources of the area.

The county is divided into three topographic regions: (1) low-
lying areas below 35 feet (2) intermediate areas betweeen 385 and
106 feet and (3) highlands above 105 feet. The highlanda are
characterized by numerous sinkholes, lakes and depressiona.

Surface runoff formsa the principal drainage in the lowlying and
intermediate regions, whereas underground drainage prevails in
the highlands.

Lakes are the most reliable source of surface water an awamps
and most of the streams, except the St. Johna and Wekiva Rivers,
go dry or nearly dry during droughta.,

Approximately 90 of the 1,003 square miles in Orange County
are covered by water. The southwestern 340 aquare miles of the
county drain to the south to the Kissimmee River. The remainder
drain to the north to the St. Johna River.

The water in the lakes and streams in Orange County generally
is soft, low in mineral content, and high in color. The quality of
the water in most of the lakes remains fairly constant except wnere
pollution enters the lakes.

Ground water is obtained from: (1) a nonartesian aquifer com-
posed of clantic materiain of Iate Miocene to Recent age; (2) neveral
dincontinuous shallow artesian aquifers in the Hawthorn Forma-
tion of middle Miocene age; and (3) the Floridan aquifer compoaed
of limesatone of Eocene age.

The surficial nonarteaian aquifer yields relatively small quan-
tities of moft water that is sometimes high in color. The shallow
arteaian aquifers yield medium quantities of generally moderately
hard to hard water. The Floridan aquifei is the principal source
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of ground water in Orange County. It comprises more than 1,300
feet o_f porous limestane and dolomite and underlies sand and clay
deposits that range in thickness from about 40 to more than 350
feet. Most large diameter wells in the Floridan aquifer will yield
more than 4,000 gpm (gallons per minute). '

Water levels of the Floridan aquifer range from about 15 feet
above to more than 60 feet below the land surface. The quality of
the water ranges from moderately hard in the western and central
parts to saline in the extreme eastern part of the country.

The Floridan aquifer in Orange County is recharged by rain
mostly in the weatern part of the county. Drainage wells artificially
recharge- the Floridan aquifer, but-may pollute the aquifer unless
the qu.ahty of the water entering the wells is carefully controlled.
Urbanization in the recharge area and pollution can reduce the
an'uount of potable water available in the Floridan aquifer. Artificial
injection of good quality surplus surface water can increase the
amount of water available and improve its quality, eapecially in
the .eastern part of the county where there is salty water in the
aquifer.

Use of ground water in 1963 was estimated to average about
60 mgd (million gallons per day) for municipal, industrial, domes-
tic and irrigational use. Use of murface water war estimated to

be about 6.6 mgd for irrigation. Surf
' _ . ace water was al
cooling and recreatjon. wiro uned for

INTRODUCTION

The rapid increase of population and industry in Orange County
and nearby areas has created a more than commensurate increase
in the demand for water. Not only are there more people and
more uses for water, but the per capita use of water is increasing.
East—central Florida, as a growing center in missile development
and space exploration, is increasing in population and industry ;
therefore, the increase in demand for water is expected to continu;
and even to accelerate.

Thia report contains information on the quantity, chemical
qtfahty, and availability of water in Orange County. The report
will be .useful to people who have the responsibility of planning
developing, and uaing the water resources of Orange County an(i

much of the East-central Florida region and to anyone intereated
in water,

WATFR RESOURCES OF ORANGE COUNTY 3
PURPOSE AND SCOPE OF INVESTIGATION

The purpose of this lnven'tlntion is to furnish data that will
be useful in the conservation, development, and management of
the water resources of Orange County. Water is one of the most

“important natural resources and Orange County, with more than

50 inches of annual rainfall, hundreds of lakes, and the Floridan
aquifer, is blessed with an abundant supply. However, the rainfall
is not evenly diatributed throughout the year, or from year to
year, nor are there adequate storage reservoirs in all parts of the
county. -

Knowledge of all factors affecting the water resources of an
area is necessary in planning for the protection, efficient develop-
ment, and management of water supplies. Recognizing this need,
the Board of County Commissioners of Orange County entered into
a cooperative agreement with the U. S. Geological Survey to
investigate the water resources of Orange County. The investiga-
tion is a joint effort by the three disciplines within the Water
Resources Division of the Survey under the direction of W. F.
Lichtler, project leader. The report was prepared under the
supervision of C. S. Conover, District Chief, Water Resources Divi-
sion, Tallahassee. It ia the comprehensive report of the 5-year
investigation and also incorporates information contained in an
interim report (Lichtler, Anderson, and Joyner, 1964), a lake-level
control report (Anderson, Lichtler, and Joyner, 1965), a ground-
water availability map (Lichtler and Joyner, 1966), and a
surface-water availability map (Anderson and Joyner, 1966),
produced as byproduct reports of the investigation.

The report includes determinations of variation in lake levels,
stream flow, chemical quality of surface and ground waters and
ground-water levels, evaluation of stream-basin characteristics, .
delineation of recharge and discharge areas, investigation of
characteristics of the water-bearing formations, assembly of
water-use information and interpretations of water data.

~
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PREVIOUS INVESTIGATIONS

Two previous inveatigations of the water resources of Orange
County have heen made. A report by the U. S. Geological Survey
(1943) givea the results of a satudy of lakes as a source of
municipal water supply for Orlando. A detailed invesatigation by
Unklesbay (1944) denls primarily with drainage and sanitary wells
in Orlando and vicinity and their effect on the ground-water
resourcer of the area,

Other, investigators have included Qrange County in geologic
and hydrologic satudies. Fenneman (1938), Cooke (1939), MacNeil
(1950), and White (1958) describe the topographic and geomorphic
features of Central Florida. Cole (1941, 1945), Cooke (1945), Ver-
non (1951), and Puri (1953) describe the general geology of Cen-
tral Florida and make many references to Orange County. Sellards
(1908), Sellards and Gunter (1913), Matson and Sanford (1913),
Gunter and Ponton (1931), Parker, Ferguson, Love, and others
(1955), D. W. Brown, Kenner, and Eugene Brown (1967), and
D. W. Brown and othera (1962) discuss the geology and water
resources of Brevard County. Stringfield (1935, 1956) and
Stringfield and Cooper (1950) investigated the artesian water in
peninsular Florida, including Orange County. Collina and Howard
(1928), Black and Brown (1951), Wander and Reitz (1951), and
the Florida State Board of Health (1961) give information about
the chemical quality of water in Orange County.

WATER REROURCER OF ORANGFE. (CCOUNTY [
WELL-NUMBERING SYSTEM

The well-numbering system used In this report is based on
Jatitude and longitude coordinates derived from & statewide grid

of 1-minute parallels of latitude and meridians of longitude. Wells

ithin these guadrangles have been assigned numbers consisting
‘:f the last dl:lt of the degree and the two digits of the minute
of the line of latitude on the southside of the quadrangle, t.he
Iast digit of the degree and the two digits of the minute of the line
of longitude on the east side of the quadrangle, and the numerical
order in which the well within the quadrangle was inventoried.
For example, well 827-131-8 is the third well that was inventoried
in the 1-minute quadrangle north of 28°27° north latitude and yut
of 81°31° west longitude (See figure 1.).

Figure 1. Location of Orange County and illustration of well-numbering

system, \
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WATER RESOURCES OF ORANGE COUNTY

Wells referred to by nun.ther in the text can be located on

DESCRIPTION OF THE AREA

. ]
figure 2 by this system. c; . y y n B D » 5!
mt?
. .

LOCATION AND EXTENT . "

Orange County is in the eastcentral part of the Florida
peninsula (fig. 1). It has an area of 1,003 aquare miles of which B

€ 0o vartyv

about 916 square miles are land and abqut 87 square miles are !

water. It is bounded on the east by Brevard County, on the north : — 1 -

by Seminole and Lake Counties, on the west by Lake County, and - l{- ; ! ! 4 :.n,.--g-.u}-. "

on the south by Onceola County. R !' T - N : i >
The estimated population of Orange County in 1963 was 290,000, H :!l e 4 Trlng m . :

In that year, the estimated population of Orlando, the largest city ° g ﬂ i ‘)',. s b bid

in the county, was 90,000 while Winter Park, the second largest r . "'_Ii] ola ’

city, had an estimated population of 20,000. The growth rate of ’ : s wle . B

‘Orange County’s population has increased enormously since 1950 ol -A . 2ot

(See figure 63) and this trend is expected to continue. The

population of Orange County is expected to reach 530,000 by 1975.

The principal agricultural products in Orange County are citrus,
ornamental plants, vegetables, cattle, and poultry. In 1960 there
were about 67,000 acres of citrus groves, more than 600 nurseries
and stock dealers, about 6,000 acrea of vegetables—mostly in the
Zellwood mugck lands northeast of Lake Apopka—about 23,000 head
of cattle and about 180,000 laying hens in the county.

TOPOGRAPHY

Orange County is in the Atiantic Coastal Plain physiographic
province described by Meinzer (1923, pl. 28). The county is sub-
divided into three topographic regions: (1) the lowlying regiona
where altitudes are generally leas than 35 feet; (2) intermediate

9 3 ¢ € 0\ &

Figure 2. Location of inventoried wells other than drainage wells,
- Orange County, Florida.

regions where altitudes are generally between 35 and 105 feet; and

(3) highland regions where altitudes are generally above 105 feet.
(fig. 3). :

COvuty

The lowland regiona include the St. Johns River marsh, the ﬁ
northern part of the Econlockhatchee River basin and the north-

LLILJL[IJ_LIIGI
[
.

eastern part of the county east of Rock Springs. Altitudes range
from about 5 feet above mal (mean sea level) near the St. Johna
River to about 36 feet above msl where there is a relatively ateep

scarp in many places in Orange County. The St. Johns River marsh
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v in the eastern part of the county, is a part of Puri and Vernon's

i y RN TN TR SN N (1964, figure 6) Eastern Valley. The low area esst of Rock

(rrrreren ey _ Springs is a part of the Wekiva Plain and the Econlockhatchee
Valley is a small part of the Osceola Plain.

e : The intermediate region occupies most of the middie part of the

county between the lowlands and the highlands. Altitudes range

from 35 to 105 feet above msl but are mostly between 50 and 85

g feet above msl. A characteristic area of ridges and Intervening

lower areas paralle]l the Atlantic coast is best developed in the

area between Orlando and the Econlockhatchee River. These ridges

" are believed to be foasil beach ridges from higher stands of the sea.

The intermediate region coincides, in general, with Puri and

WATER RESOURCES oF ORANGE COUNTY 9
\

(R
“u

i
| i

5

;-
{
l i
§ ! ';‘: !,‘ !‘ > Vernon's (1964, figure 6) Osceola Plain except for the area in the
1 '; [ 4 ! ak ° northwestern part of the county which is a purt of Puri and
o £V Ll Ul . ,' » 1By 1° - Vernon's Central Valley.

:,: - The highlands occupy the western part of Orange County with

|

oo

, an island outlier in Orlando and vicinity. Altitudes are generally
above 106 feet but range from about 50 feet in low apots, such as
the Wekiva River basin, to about 225 feet above ms! near Lake
Avalon on the western border of the county. The highlands contain
many lakes and depressions, moat of which do not have surface
outleta.

The highland regions in Orange County include parts of Purl
ll:d Vernon's Orlando Ridge, Mount Dora Ridxe. and Lake Walen
Ridge.

The three topographic regions deacrlbed above are approximately
equivalent to the Pleistocene terraces postulated by MacNeil (1950)
as the Pamlico terrace from about 8 feet to about 30 feet above
mal, the Wicomico terrace from about 30 feet to about 100 feet .
above mal, and the Okefenokee terrace from about 100 to 1560 feet
above msl.

Cooke (1939, 1945) has called the surface defined by the 42-
and 70-foot shorelines the Penholoway terrace and the surface
defined by the 70- and 100-foot shorelines the Wicomico terrace.
The areas in Orange County that are above 1560 feet probably are
sandhills or altered remnants of higher terraces.

The water resources of Orange County are directly related to
the topography of the area. In general, the highlands are the
monat effective natural ground-water recharge areas. They have
few surface streams but have many lakes and depressions. The
intermediate region ranges from good to very poor as a ground-‘
water recharge area. There are many lakes in some areas and none

b - J OO

_Figure 3. Topographic regions of Orange County, Florida.

!1144111111111
1]

g Ej
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in others. Surface streams in this region either go dry or.recede
to very low flow after relatively short periods of drought. The
Jowlanda are ground-water dircharge areas and contain few
laken except in the mainatem of the St. Johns River. Streamflow
s more sustained than in the other regiona becaune of water stored
in the lakes along the mainstem of the St. Johna River, spring
flow, and seepage of ground water from both the water-table and
artesian aquifers.

CLIMATE

Orange County has a subtropical climate with only tweo
pronounced seasons—winter and summer. The average annual
temperature at Orlando is 71.5°F and the average annual rainfall
is 61.4 inches. (See table 1.) Summer thunderstorms account for
most of the rainfall. Thunderastorms occur on an average of 83
. days per year, one of the highesat incidences of thunderstorms in
the United States (U. S. Weather Bureau, Annual Report 1960).

SINKHOLES

Sinkholer are common in areas such as Orange County that are
underlain by limestone formations. Rainfall combines with carbon
dioxide from the atmosphere and from decaying vegetation to
form weak«carbonic acid. As the water percolatea through the
limestone, rolution takes place and cavitiea of irregular shape are
gradually formed. When solution weakena the roof of a cavern
to the extent that part of it can no longer support the aandy
overburden, sand falls into the cavity and a sinkhole forms on the

surface. (See figure 4.) Most of Orange County’s natural lakes,

ponds, and closed depresasions probably were formed in this manner.
Sinkholes range in size from amall pits a few feet in diameter to
large depressiona several square miles in area. Large depreasions
are usually formed hy the coalescence of several sinkholes.
Sinkholes may form either by sudden collapse of a large part
of the roof of a large cavern or by gradual infiltration of sand
through amall openings in the roof of the cavity. The latter
condition ia illustrated by the formation of a sinkhole in Canton
Street in Winter Park in April 1961. The sink was firat noted as
a depression in the graded road. By the following day a hole about
6 feet in diameter had formed. In the next 2 days the hole gradualily

TABLE 1. TEMPERATURE AND RAINFALL AT ORLANDO, FLORIDA

WATER REBOURCES oF ORANGE COUNTY

1950
194
1968
1961
1961
1948
1963
1960 -
1988
1963
1960
1944
1943

E k
é'i -°°q:;q' gs8sc
é ;;;oonngdoozg
s, | § |22%2E2333388%
ag o4 vt =t v o0 4 v
**|1 | 2333552539%
a:. -t [ 4 [
$3] | 233333338338
[HRFPEPPPERTTTRE
‘g
3

Normal
daily
minfmum
tamperature?®

"g:. o -
Ezgi FEFFHFHEEH
-]
3
1
IPRIITL
Bl

U, S. Weather Bureau records, 1931-60.
1U. 8. Weather Bureau records, 1943-80.

1Aversgs for 10 or more yearn

11
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2 miles west of Orlando formed in summer 1983, It was

Sinkhole .
subsequently filled in and no further sinking has occur.

red.

Figure 4.

WATER RESOURCER OF ORANGE COUNTY 13

increased in size to about 60 feet in diameter and to about 15 feet
in depth. The hole was fiilcd and no'further development has been
noted.

Another sinkhole formed in 1961 in Pine Hills, weat of Orlando.
A depreaaion about 1-foot deep and 50 feet in diameter that formed
on April 23 and 24 was marked only by a faint line in the sand
except where the outer edge intersected two houses. The floor of
one room, the carport, and the concrete driveway of one house were
badly cracked. The corner of the other house dropped about 6
inches. The slow rate of settlement was probably caused by a
gradual funneling of the overlying sand and clay into relatively
small solution channels in the limeatone. The channels eventually
became filled and the subnidence ceased.

A sinkhole formed rather rapidly in Lake Sherwood on May 22,
1962. This apectacular sinkhole removed a section of the west-
bound lane of Highway 50 and about 3,000 cubic yards of fill were
required to repair the damage. According to eye witnessen, the
sinkhole formed over a period of about 2 hours.

Sinkholes are most likely to form in areas of active ground- -
water recharge becaune the dissolving action of the water is
greatest when it first enters the limestone aquifer. As the slightly
acid water movea through the aquifer, it gradually reacts with
the limestone and is neutralized. The prevalence of sinkholes ia
usually & good indication that the area is, or was in the past, an
area of active recharge. .

Sinkholea can either improve or impede the recharge efficiency
of an area. In some instances, sinkholes breach the semipervious
layera that separate the surface sand from the aquifer and permit
water to enter the aquifer more readily than before. In other
inatances, lakes that form in sinkholes become floored with
relatively impermeable silt, clay and organic material which retards
the downward movement of water.

Much remains to be learned about the solution of limestone by
water. Caverna have been discovered several thousand feet below
the surface, and evidence indicates that active solution ia going on
at these deptha. Present and future research by the U. S. Geo-~
logical Survey and other agencies should provide much useful
information about thia important subject and its relation to
ground-water movement and availability.
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DRAINAGE !

The eastern and southern parts of Orange County are drained _
principally by surface streams. The St. Johns River and ita ’ !
tributaries drain the eastern and northern part of the county while ) \
Shingle Creek, Reedy Creek, Boggy Creek, and canals in the upper
Kissimmee River basin drain most of the south-central and south-
weatern parts of the county. Many swamps and sloughs occur in
the eastern and southern parts of the county because of the poorly

"developed drainage. !

Surface drainage in the western and northwestern parts of
the county is mostly into closed depressions where it either seeps
into the ground or evaporates. A few sinkholes in this area have
open connections with solution channels in the underlying lime-
stone. Water that collects in these sinkholes drains directly into
the nolution channels. Moat of the sinkholes, however, are floored
with relatively impermeable sediments and the rate of seepage
through these lake-filled sinkholes may be less than in areas
adjacent to the lakes. ’

More than 300 drainage wells were drilled between 1906 and
1961 in the upland area of the county, especially in Orlando and

' vicinity, to drain surface water directly into the artesian aquifer
(fig. 5). The greateat activity was during 1960 when about 36
drainage wells were drilled. Considerable quantitiea of water are !
drained underground in this manner, but the total amount is not
known. The water that enters the aquifer through drainage wells
ranges from pure rainwater to water used to flush cow barns.

GEOLOGY

The occurrence, movement, availability, quality, and quantity
of the ground water in Orange County are closely related to the
geology of the area. Therefore, knowledge of the atructure,
stratigraphy, and lithology of the geologic formations ir easential
to an evaluation of the ground-water resources. !

Orange County ia underlain mostly by marine limestone,
dolomite, shale, sand, and anhydrite to about 6,600 feet at which
depth granite and other cryatalline rock of the basement complex
occur. Only the top. 1,600 feet of sediments that have been
penetrated by water wells will be discussed in this report. A
aummary of the properties of the formations is given in table 2.
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TABLE 2. SUMMARY OF THE PROPERTIES OF THE GEQLOGIC FORMATIONS PENETRATED BY
' WATER WELLS IN ORANGE COUNTY, FLORIDA

1

l Thiek- ; :
fness, '
©  FPormation ' im |  Description of Water-bearing ]
Series . name ‘ feot material properties Aquifer | Water level
i Undifter- i o 3
Recent and ' entiated, : : 3
) . mey in- | Mostly quarts sand { Varies widely in | 0to 20 feet below 3
Pleistocene : clude 0-200 | with varying quantity and qual- | Non-artesian . the land surface o
i Calooss- | smounts of clay and | ity of water pro- i but generslly less -
: hatches ! sheil. duced. 1 than 10 feet. z
Pliocene(?) :  Mard | : l S
! ! { : 5
- | Piesometrie sur- @
Gray-green, clayey, Shallow arte- | face not defined, :
quarts sand and silt; | Generslly imper- | sian, lower water level gen- ]
phosphatie sand; | meable except for | limestone beds | erally is lower z
Miocens Hawthorn 0-200 | and bu¥, impure, | {imestone, shell, [ may be part of | than nonartesian z
l phosphatic limestone, | or gravel beds. Floridan aqui- | aquifer and higher =)
; mostly in lower part. fer. than Floridan .
! aquifer. =]
| Cream to tan, fine, | Moderately high !
 soft to medium hard, ! transmissibility,
Ocala | 0-125 , granular, porous, ’ most wells also
Group ' f sometimes dolomitic ' penetrate under-
i . limestone. lying formations.
TABLE 2 CONTINUED
' l | Upper section most- | Overall transmis- [
: : ly cream to tan, | sibility very high, :
: ! granular, porous containg many in-
! I limestone. Often con- | terconnected so- Pietometric sur-
Avon ) 400- | tains abundant cone- | lution  cavities. | Floridan face shown in fig- €
Eocene Park 600 shaped Foraminifers. | Many large capa- ures 10 and 11. >
Limestone Lower section mostly | city wells draw ;
dense, hard, brown, | water from this L
crystalline dolomite. | formation. E
Lake. Over | Dark brown crystal- | Similar to Aven §
City 700 | line layers of dolo- | Park Limestone. 3
Limestone Total | mite alternating with | Municipal supply >
un- chalky foasiliferous | of City of Or- -]
known | layers of limestone. | lando obtained P
from this forma- g
tion. 5
9
[
z-
]
-
-
—
- -
amama
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Geologic sections showing the formations and types of material
are shown in figure G.

FORMATIONS

The oldest formation penetrated by water wells in Orange
County in the Lake City Limestone of middle Eocene age (about
60 million years old). The Lake City Limestone consista of
alternating layers of hard, brown, porous to dense, crystalline
dolomite and soft to hard, cream to tan, chalky, fosailiferous
limesatone and dolomitic limestone. .

The Lake City Limestone is distinguished from the overlyin
Avon Park Limenatone by. the presence of the fosail Dictyoconus
americanne; however, in Orange County, the rock in the depth
interval (about 600-900 feet) where the top of the Lake City would
normally be has been partly crystallized and the fossils have been
- badly damaged. Therefore, the exact location of the top of the
formation in unknown. No water wells penetrate the total thickness
of the Lake City, but the formation ia probably more than 700 feet
thick.

The Avon Park Limestone conformably overlies the Lake City
Limestone and ir composed of rimilar materials. The formation
in dintinguished from overlying formations by the occurrence of
many sand-tized cone-rhaped foraminifera. In many areaa, the
Avon Park is composed mostly of the shells of these tiny single-
celled animals,

Contours on the top of the Avon Park Limestone are ashown in
figure 7. The thickness of the Avon Park is not accurately known
because only a few wells penetrate the formation and the contact
with the underlying Lake City Limestone is indistinct, but the
Avon Park is probably 400 to 600 feet thick.

The Ocala Group® of the Florida Geological Survey overlies the
Avon Park Limestone and contains the Crystal River, Willirton,
and Inglis Formations of late Eocene age. The limestone of the
. Ocala Group in Orange County was deeply eroded and in some
areas entirely removed before the overlying formations were

"The term “Ocala Group™ han not been adopted by the U. S. Geological
Survey. The Florida Geological Survey unes Ocala an a group name as
proposed by Puri (1053) and divided into three formations—Crystal River,
Williston and Inglis Formations.

WATER RESOURCES 0F ORANGE COUNTY
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Flgure 7. Configuration and altitude of top of the Avon Park Limestone,

Orange County, Florida.
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deponited. In south-central Orange County, formations of the
Ocala Group are missing, but in the northeast part of the county ﬁ v »
near Bithlo the Ocala in about 125 feet thick. The contours on ff—-r Vs
the top of the Eocene limeatones in figure 8 show the eroded aurface
of the Ocala Group except where the Ocala is absent. In these SO
areas the contours repreasent the top of the Avon Park. ! R

The Hawthorn Formation of Miocene age (about 256 million _ :
years old) unconformably overlies the Ocala Group and, where the PN |
Ocala is missing, the Avon Park Limestone. The clayey sand of the £ . wa-/ [
Hawthorn Formation retards the vertical movement of water ) N - :
between the water-table aquifer and the underlying limeatone of \/“'—/]

the Floridan aquifer. In moat parts of the county the Hawthorn r P /N' '
retards, to varying degrees, the downward seepage of the water .
from the water-table aquifer. In low lying parts of the county T T
where the artesian head is above land surface the Hawthorn .

Formation retarda the upward movement of water. ) .'i [' H .& N

The lower part of the Hawthorn Formation usually containa ’ nooth 3 !
more limeatone than the upper part. The limestone sectiona usually -
contain much phoaphorite and quartz aand and may grade into
nandstone known locally as “aalt and pepper rock.” In the
northwestern part of the county, the Hawthorn Formation has a o
higher percentage of limestone than in the southeastern part.

Orange County lies in the intermediate zone between the 1
limeatone-clay type of Hawthorn in north-central Florida and the
clay-sand type of Hawthorn in nouth-central and southern Florida.

In Orange County the contact between the Hawthorn Formation
and the underlying Eocene limeatone is usually quite diatinct; but
the contact with the overlying deposits is gradational. The top
of the Hawthorn ia usually placed at the first occurrence of appre-
ciable quantitien of phosphorite or where a distinct and persistent )
greenish color appears. The Hawthorn is thickest (about 300 feet)
in the aoutheastern part of Orange County and thinnest (about 50
feet) in the northweatern part of the county.

Undifferentiated sediments above the Hawthorn Formation
may include the Caloosahatchee Mar! (which haa been designated
Upper Miocene, Pliocene or Pleistocene by various workers)’;
thick deponita of red clayey sand which occur near the surface in
rome areas in weatern Orange County; and marine terrace
deponita. The red clayey nand is used extensively in road building.
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The U. 8. Geological Survey given ita age as Pliocene. 1

Figure 8. Configuration and altitude of top of the limestone of Eocene age,
: Orange County, Florida.
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of type 2 flooding, the county often suffera acil moisture deficienciea
at high-ground locations while lakes remain flooded in other arean,

The bed slopen of the streama that drain Orange County are so
slight that velocities are not sufficient to cause appreciable erosion
of the vegetation-filled channels. Consequently, the channela have
not cut to depths that are below the water table when it in at even
moderately low levels. Because of thia moat of the streams either
ceane flowing or recede to extremely low flow after only about 90
days of drought. To date, problemna associated with low flow have
been minimal in the country; but as the population and industrial
complex expand, the need to dinpose of wantes by way of atreama
may become more preasing. Because streamflow ian small or
nonexistent a large part of the time, streams cannot be used to
. transport wastea without becoming exceasively polluted unleas their
base flows are improved or augmented. The base flow of a atream
can be increased by deepening ita channel to intercept the water
table during droughts and cutting lateral ditches from the channel
to increase the length of channel exposed to seepage. This would,
of course, lower the water table adjacent to the channel and lateral
ditches, but it would also improve the conveyance of the channel
and the increased channel capacity would tend to reduce the height
of flood crests. The flow of the atreams could be augmented with
water pumped from the artesian aquifer.

GROUND WATER

Ground water ir the subsurface water in the zone of saturation
—the zone in which all the openings of the soil or rock are
completely fllled with water. The source of all natural fresh ground
water is precipitation which in Florida is almont entirely rain.

Ground water in Orange County occura under nonartesian and
artesian conditions. Nonarteaian conditiona occur when the upper
surface of the zone of naturation (the water table) in not confined
and, accordingly, is free to rise and fall directly in responsre to
variation in rainfall and discharge. Artesian conditions occur

where the water is confined and rizes in wells above the point at
which it is firat penetrated.

NONARTESIAN AQUIFER

The nonartesian aquifer extends over moat of the county and
is componed mainly of quartz aand with varying amount of clay,

'
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hardpan and shell. In mosat parts of Orange County, the base of
the aquifer is approximately 40 feet below the land surface,
However, in parts of the highlanda region, the nonartesian aquifer
may extend to greater depths. Its permeablility and thickness and,
consequently, ita productivity vary; and there are local areas
where it does not yield much water. Most wells in the nonartesian
aquifer are amall diameter, sand-point or screened wells 20- to
30-feet deep that yield sufficient water for domestic une (5 to 10
gpm). In some areas open-end wells can be constructed by seating
the casing in a hardpan or clay layer and then drilling through the
hard layer and pumping out stand until a small cavity or “pocket”
is formed below the hardpan or clay layer. The we'l is then pumped
at a rate higher than the planned normal rate until it is virtually
sand free no it will not yield sand when in normal use. Wells of

‘this type usually yield more water (up to 30 gpm) and require leas

maintenance than sand-point or screen wells; but, in many areas
of the county, geologic conditions are not favorable for their
development.

WATER LEVELS r

The water table in Orange County ranges from about 0 to 20
feet below the land surface except below some of the sand hills in
the wesatern part of the county where it may be considerably
deeper. In the lowlanda and flatwooda sections of the county, the
waler table is usually within a few feet of the land surface. The
water table conforms in a general way to the configuration of the
land aurface, but it is usually at greater depths under hills and
may be above the land surface in low swampy areas. The degree
to which the water table conforms to the configuration of the land
surface depends to a large extent on the permeability of the
nonartesian aquifer and the materials below it. Other {actors being
equal, the water table follows the land surface clonest where the
permeability ia least.

The water table fluctuates in response to changes in recharge
and discharge in a manner similar to the fluctuation in the levels
of lakes and reservoirs. Fluctuations of the water table range from
a few feet in Aat areas of the county to 15 feet or more in hilly
areas. Figure 36 shows the water table fluctuation in a well on
Eaat Highway 60, about 1 mile east of Bithlo (well 832-105-3) and
in a well on Hiawassee Road about a mile south of West Highway
50 (well 832-128-4), The hydrographs show that the Bithlo well
fluctuated about 4.5 feet during the period of record while the-
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Figure 38. Hydrographs for wells near Bithlo and Hiawassee Road showing

patterns of fluctuations of the water table.
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Hiawasnee well fluctuated sbout 16 feet. The hydrograph of the
Hinwaanee well in much amoother than the Bithlo well hydrograph,
partly because the Hiawansee well ia measured only once a month,
wherean the Bithlo well haa a continuous recorder and is plotted
six times a month; but mosatly because the water table in close
to the land surface at the Bithlo well whereas it is 21 to 37 feet
below the surface at the Hiawasaee well. At Bithlo the water table
reacts quickly to local showers and with prolonged rainfall quickly
rines to the land aurface where surface runoff occurs. During
drought the water table quickly declines to a few feet below the
land aurface because aurface drainage and evaporation can rapidly
remove the water. However, once the water table is 3 or 4 feet
below the surface, further decline is very slow because the streamsa
have very shallow beds and cease to flow, evaporation practically
ceases, and transpiration diminishes because most vegetation in
shallow rooted. Also, lateral ground-water flow from the area is
very rlow because of the flat terrain; and downward leakage into
the underlying arteaian aquifer in alight because of the thick
section of relatively impermeable marl and clayey aand that
separates the nonartesian and the artesian aquifera.

At the Hiawansee well the water table in alwaya 20 feet or more
below the land aurface. Rain filters alowly through the overlying
sand, and the response of the water table to heavy rainfall or
drought usually lage about a month. The water table fluctuationa
in this area reflect long periods of excesaive and deficient rainfall.
Brief showera after a dry period have little or no effect on the water
table because the rain is held as soil moisture and returned to the
atmosphere by evaporation and transpiration. However, the
surface sands rapidly absorb even a heavy and prolonged rainfall
and no surface streams flow from the area. The water that
infiltrates below the root zone eventually seeps to the water table.
After the water reaches the water table, it either seeps into nearby
lowlying ponds (which occur to a considerable extent during
periods of exceaaive rainfall) or it seepa downward into the artenian
aquifer through the relatively thin and permeable clayey sand that
separates the nonarterian and artesian aquifers. During droughta
most of the ponda in the Hiawaasee area go dry and the water table
in mostly below the root zone, =o it in apparent that further decline
of the water table ix due mostly to downward leakage into the arte-
nian aquifer. The fluctuations of the water table in the Bithlo and
Hinwasace wells reflect only natural changes as there is no .
appreciable pumping or irrigation in their vicinitiea.

3
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RECHARGE

Moat natural recharge to the nonarteaian aquifer in Orange
County comes from rain within or near the county. Some recharge
comes from upward leakage of water from the artesian aquifer in
areas where the piezometric surface is above the water table and
from seepage from satreams in areas where the streams are higher
than the surrounding water table.

Artificial recharge to the nonartesian aquifer occurs by
infiltration of water applied for irrigation, discharge from septic
tanks, and by discharge from flowing wells,

Most of Orange County is blanketed with permeable sand which
allows rain to infiltrate rapidly. In much of the eastern and
southern parts of the county, where the land is flat and the water
table is near the surface, the overlying surfaces and is quickly
saturated during the rainy season; and the exceas collects in
swamps and slougha or runs off in streams and rivers. In much
of the western part of the county, the water table is far below
the aurface except in depreasions. The surface mand can aberorb
rainfall at & rate of as much as 3.5 inches per hour with little
or no direct surface runoff (Powell and Lewis, open-file report),
and the large volume of nand above the water table hoida large
quantities of water which percolates slowly to the water table.

DISCHARGE

Diacharge from the nonartesian aquifer in Orange County is
by evapotransapiration, seepage into surface-water bodies, down.
ward leakage to underlying aquifer, pumpage, and seepage into
neighboring counties.

Ground water is removed from the zone of naturation and from
the capillary fringe by the roots of planta and ia given off to the
atmoaphere by tranapiration. The depth to which plant roots
penetrate depends on the type of plant and the roil, and ranges
from a few inches to 50 feet or more for certain types of desert
plants. In Orange County the maximum depth of tree roota in
about 15 feet whereas the water table in mosat of the county is leas
than 15 feet below the surface; therefore, diacharge of nonartesian
ground water to the atmosphere by tranapiration is appreciable.

Where the water table is near the land surface, ground water
moves upward by capillary action through the amall pores in the
soil to the surface and evaporates. The rate of evaporation varies

¥
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with the depth to the water table, the poroaity of the noil, the
climate, the season and other factors.

The base flow of mosat streams in Orange County is maintained
by reepage from the nonartesian aquifer. Seepage from the
nonarteaian aquifer also helps to maintain the levels of lakes and
ponds during droughts.

Practically all natural recharge to the Floridan aquifer 'in
Orange County passes through the nonartesian aquifer. In the
western part of the county, downward leakage is probably the
principal form of discharge from the nonartesian aquifer. Seepage
of nonartesian water out of the county is probably small.

Water in pumped from the nonartesian aquifer for lawn
jrrigation, stock watering, and domestic use. Most wells are amall
1Y4- to 2-inch sand-point wells which yield about 5 to 10 gpm.

QUALITY OF WATER

Several factors influence the quality cf the nonartesian ground

water in Orange County. Rain recharging the aquifer dissolves
roluble material contacted such as fertilizer and insecticides.
Drainage from septic tanks percolates to the nonarteman aquifer.
Harmful bacteriz and color are usually removed if the “recharge
water percolateas through sand. Some of the very shallow wella
located in awampy areas yield water with high color. Most of the
nonartesian ground water that is soft and low in mineral content
has low pH indicating that it ia corrosive. In areas where the
plezometric surface is above the water table, upward leakage occurs
and the nonartesian water ia more highly mineralized.

The dissolved mineral content of water from wells in the
nonartesian aquifer varies greatly depending on the composition
of the aquifer. The water from wells developed in clean quartz
sand is usually very soft (hardness generally less than 26 ppm)
and low in mineral content (about 25 to 60 ppm). The following
in & typical analysis of water from a well in weatern Orange County
(R38-128-1) developed in clean quartz sand:

Silica (Si0.) 25 ppm Dissolved solids 21 ppm

Iron (Fe) .45 ppm Specific conductance 39 micromhos
Calcium (Ca) 8 ppm at 26°C
Magnesium (Mg) .7 ppm Bicarhonate (HCO,) 5 ppm
Sodium (Na) Sulfate (S0,) 2.8 ppm
Potassium (K) .0 ppm Chloride (Cl) 6.6 ppm

Fluoride (F) 0.1 ppm pH 5.2 units
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Nitrate (NO.) 0 ppm Color 8 unita
Hardnesa as ) :
CaCO, 5 ppm

The relatively high iron content (.46 ppm) wasa probably due
to iron diasolved from the caning or pump by the water of low pH
(5.2). The water from a well (832-101-2) at Christmas in eastern
Orange County had an iron content of 4.6 ppm. Thia high iron
content probably came from the aquifer because the neutral pH
of the water, 7.0, indicates that it is not corrosive. -

Total mineral content as high as about 500 ppm and high
concentration of some consatituenta indicate that the water in aome
wella in the nonartesian aquifer in polluted. The water from a well
(822-138-3) in the mouthwentern part of Orange County had a
diasolved mineral content of 530 ppm (eatimated from a
conductivity measurement). Concentrations of other conatituents
were potassium, 10 ppm, aulfate, 107 ppm, and nitrate, 173 ppm,
which definitely indicates a nearby source of pollution. Use of
water containing an exceaa of about 45 ppm of nitrate for feeding
formulaa for infants resulta in metheglobinemia or cyanoain (blue
babies) in the Iinfanta. The water from some of the shallow wells
had as much ar 90 units of color.

RECONDARY ARTESIAN AQUIFERS

Several secondary artesinn aquifers occur locally within the
confining beda of the Hawthorn Formation and less extensively
within the formations above the Hawthorn. These aquifers are
usually found at depths ranging from about 60 to more than 160
feet below the Iand surface and are compored nf diacontinuous
shell beds, thin limeatone lenses or permeable sand-and-gravel
zonesn. The secondary artesian aquifers are moat productive in tthe
area east and mouth of Orlando where they generally yield auflicient
water for domeatic use. Open-end cased wells can sometimeas be
constructed in the secondary artenian aquifers, hut acreens are

often neceasary to keep aand from the well and to obtain aufflicient
water.

WATFR LEVELS

A continuouna record of the water leveln of a secondary arterian
aquifer have been recorded in Y well about 1 mile enst of Bithlo
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(832-105-2), figure 37. The casing of this well extends 76 feet
below land surface into a 12-foot shell bed. At thia site there is
alro a record of the fluctuations of the water table (well 832-105-3)
and the fluctuations of the plezometric surface of the Floridan
aquifer (well 832-105-1). The water level of the secondary artesian
aquifer ja always below the water table and above the piezomtric
surface of the Floridan aquifer at this site. This relation probably
exista wherever the water table is continuously above the
piezometric aurface. At this location the secondary artesian water
level in 6 to 12 feet below the water table and 6 to 14 feet above
the water level in the Floridan aquifer. The range of fluctuation
of the water level in the secondary artesian aquifer for the period
of record wan about 3'4 feet or from 7 to 1014 feet below land

,surface. The secondary aquifer water level does not reapond

rapidly to rainfall. The recorder chart usually shows very little
daily fluctuation, however there ia a gradual long-term decline or
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rise that correaponds to general wet or dry periods, This indicates
that water enters and leaver the aquifer at a alow rate, and the

hydraulic connections to the overlying and underlying aquifers are
probably rather poor.

RF.CHARGF.

Recharge to the secondary artesian aquifers in Orange County
is by downward leakage from the nonartesian aquifer in most
parts of the county and by upward leakage from the Foridan
aquifer where the plezometric aurface of the Floridan aquifer is
_above the piezometric aurface of the secondary artesian aquifers.
A small amount of water probably flows into the county from
secondary artesian aquifers in surrounding countiea. The second-
ary artesian aquifers are the least likely to be polluted because the
overlying, low-permeability beds tend to protect them from sur-
face pollution, and drainage wells are usually cased through the
secondary artesian aquifer zone. '

DISCHARGE

Water dircharges from the secondary artesian aquifera by
downward leakage to the Floridan aquifer, upward leakage to the
nonartesian aquifer where the piezometric surface in above the
water table, underground flow out of the county, and pumpage.

QUALITY OF WATFR

The quality of water in the secondary artesian aquifers in
Orange County varies with location, depth, and the local hydrology.
In areas where the piezometric surface of the secondary artesian
aquifer is helow the water table, downward leakage from the
water table aquifer nccurs and the water tenda to be aimilar to the
- nonartesian water except where additional solution has taken
place within the aquifer. In areas where the piezometric surface
of the Floridan aquifer is higher than the piezometric rurface of
the mecondary artenian aquifer, upward leaknge occura from the
Floridan aquifer and the water in the secondary aquifer tends to
be similar to the water in the Floridan aquifer.

Generally, the dirsolved-nnlida content of the water in the
asecondary artesian aquifers ranges from 100 to 400 ppm. The
predominating fons usmually are calcium and hicarbonate. Water
from secondary artesian nqul(ern In sometimes more mineralized
than is water from the Floridan aquifer. For example: The water
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from a 75-foot deep well at Bithlo (832-105-2) consatructed in a
secondary artesian aquifer had a dissolved solids content of 380
ppm. The water from an adjacent 492-foot deep well in the Floridan
aquifer had a dissolved nolida content of 290 ppm.

FLORIDAN AQUIFFER

The principal artesian aquifer in Orange County is part of the
Floridan aquifer that underlies all of Florida and parts of Alabama,
Georgia, and South Carolina. The Floridan aquifer, aa defined by
Parker (1955, p. 189) includes “parts or all of the middle Eocene
(Avon Park and Lake City limestones), upper Eocene (Ocala

. limeatone), Oligocene (Suwannee limestone), and Miocene (Tampa

limestone) and permeable parts of the Hawthorn formation that
are in hydrologic contact with the rest of the aquifer.”

AQUIFER PROPERTIES

The Floridan aquifer is one of the moat productive aq’uifers in
the country. In Orange County many large diameter wells (20
inches or more) yield more than 4,000 gpm. These wells can be
conatructed in almost any area of the county. Wella that will yield
only small quantities of water are usually in the vicinity of
sinkholes where aand has filled solution channels in the aquifer.
Pumping rate—drawdown ratioa range from less than 100 gpm
per foot of drawdown to over 500 gpm per foot of drawdown. The
aquifer consists of nearly 2,000 feet of  porous limestone and
dolomite or dolomitic limestone covered by aand and clayey sand
ranging in thickness from a few feet to about 350 feet. The
altitude and configuration of the top of the Floridan aquifer is
shown in figure 38. The depth below land surface to the top of the
aquifer in shown in figure 39. The total thickness of the aquifer
in not accurately known because the deepest water well in the
county penetrates only the upper 1,400 feet. The log of an oil test
hole drilled southeaat of Orlando shows dense anhydrite at ahout
2,000 feet, and thin is assumed to be the base of the aquifer.

The lithologic and hydrologic character of the Floridan aquifer
is not uniform either horizontally or vertically. In general, there
are alternating layers of limestone and dolomite or dolomitic
limeatone. The limeatone layers are usually softer and of lighter
color than the dolomitic layers. The aquifer stores huge quantities
of water and also acts as a conduit. Water moves alowly through
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the rock from arean of rechurge to areas of diachnrge. The enlire
aquifer has been affected to some degree hy the dissolving action
of ground water and ir romewhat analogous to an enormous sponge.

--Some of the Iargeat known caverna in Florida have been found
within the Floridan aquifer in Orange County. One of the largest
caverns with no opening to the surface ever discovered in Florida
was encountered in a city supply well drilled in the southwest part
of Orlando. Thia cavern was 90-feet high with the ceiling 573 feet
below the land surface. The cavern wasa filled with water and
there was 12 feet of biack organic muck on its floor. The areal
extent of thin cavern ia unknown, but several deep wella 1,000 feet
to the north did not penetrate it. One of the deepeat and largeat
known caverns in Florids Is a sinkhole near Little Lake Fairview,
northwest of Oriando, known as Emerald Springs. Emerald Springa
was mearured in 1956 and found to extend 334 feet below the water
aurface which is about 45 fcet helow the surrounding Iand surface,
According to divers who have explored the sinkhole, it has sloping
sand-covered zidea for 45 feet helow the water aurface and then a
vertical neck, about 20 feet in diameter, through limestone for
about 45 fcet. Below thia depth, there is a large room with a
sloping ceiling. The wall of the room waa found at a distance of 89
feet in one direction but had not been found at a distance of 100

feet in the opposite direction (when the divers were forced to
return to the surface).

i

Zonen of the Aquifer

The Floridan aquifer in central Orange County has two major
producing zones that are separated by a relatively impermenble
zone. The upper producing zone extends from about 150 feet helow
the land surface to ahout 600 feet. The lower producing zone
extends from about 1,100 feet to 1,500 feet or more below the land
surface. Both major producing zones are composed of hard brown
dolomitic limeatone or dolomite and relatively soft cream limestone;
however, the top half of the upper zone ix mosatly soft limeatone,
Some of the dolomite in both major producing zones is very dense,
but many interconnecting =molution cavities make the overall
permeability of bnth zonex very high.

The limeatone in the top half of the upper zone is mosatly white,
roft, granular, and foxsiliferous. This limeatone contains cavities,
but they are unmually neither ar large nor as numerous as the
cavitiea in the dolomitic parta ol" either major producing zone. At
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aome lncations, very farge (4,000 gpm or more) yields can be
obtained from the limeatone, but moat high yield wells also
penetrate the underlying dolomitic limestone, However, many
domestic wells and amall public supply wella draw all their water
from the limeatone aection of the upper zone. The municipal supply
wells for the Cities of Orlando and Winter Park are developed
in the lower (1,100-1,600 feet) producing zone. These wella
generally yield 3,000 to 5,000 gpm with 10 to 25 feet of drawdown.

The relatively impermeable zone (600 to 1,100 feet belowt the
land surface) separating the two major producing zones ia
composed of layers of relatively noft, mealy limestone and dolomitic
limentone. [t containa some water-bearing layers, but generally
this separating zone yields much less water than the zones above
and below it. In many parts of the country the separating zone
would be considered a good aquifer; but because much larger
supplies can he obtained ahove and below this zone in Orange
County, very few wells are developed in it.

The occurrence of reported cavities is shown in figure 40. The
number of cavities shown for different deptha actually ddes not
represent the true distribution of the cavities because many more
wella penetrate the upper part of the aquifer than penetrate the
lower part. However, the illuatration does show that although
cavitien have widespread vertical distribution, they are more
prevalent in some zonea than in others.

Interrelation of Zones

The interrelation of the upper and lower producing zones is of
vital importance to the people of Orlando and Winter Park because

exceas surface water is disposed of in the upper zone while most of

the municipal water supplies are developed from the lower zone.
Contaminated water can enter the upper producing zone through
the numerous drainage wells. (See section on drainage wells, page
33) and it ia important to know if this contaminated water can
move into municipal supply wells,

It has been postulated that some denre dolomitic beds between
400 and 600 feet in the upper zone might be continuous and act as
an impervious layer to protect the lower zone. To test this idea, a
well was drilled at Lake Adalr in Orlando into the upper zone of
the aquifer adjacent to an existing well in the lower zone. The
shallow well in cased to the top of the aquifer (105 feet) and
bottomed at the top of the hard dolomitic zone at 400 feet. The

)
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Water movea downgradient from areas of high piezometric level to

arean of low piezometric level. In general, the direction of e ? " ] ] ] if
movement, shown by the arrows in the figures, is at right angles LI ' o DAY .
to the contour lines, although locally the direction of flow may he P p— ) e "'.' x-d -
different because of differences in permeability auch a= caused hy . ) °.':.'-' st |

cavern systems. : et RGN :

Figure 46 depicta the piezometric levels in September 1960, the
highest observed during the investigation. The high levels of
September 1960 equalled or exceeded the higheat previousa recorded
levels which occurred in the early 1930°s. Figures 47 and 48 which
show the piezometric surface in July 1961 and December 1963
represent about normal conditions; figure 49 shows the piezometric
surface in May 1962 when artesian levels were at their lowest
for the period of record 1943 through 1963. The relation of the
plezometric surface to the land nurface is shown in figures 60 and
51. Figure 50 showa the diatance above and below land surface
of the atatic water level in tightly cased welln in the Floridan
aquifer during extremely high-water conditiona (Sept. 1960).
Figure 51 showa the distance above and below land surface of the
atatic water level in tightly cared wells in the Floridan aquifer
during extremely low-water conditions (May 1962).

Fluctuationa

Gagea were installed on six wells in the Floridan aquifer to
record the fluctuationa of the piezometric nurface (figures 37, 41,
62, and 53). In addition, water levels were measured periodically
in about 70 wells. Mont water-level fluctuations are caused by .
changes in rates of recharge (mostly rainfall) and/or diacharge.
However, variation in barometric pressure, temporary loading of
the land aurface such aa by-passing of trains and earthquakes also
caune fluctuations. For example, the Alaskan earthquake of March
27, 1964 created a brief surge of more than 10 feet in the water
levela of rome wells in Orange County. "

The sharp risres in the water levelr in well 833-120-3 at the . . i '

Orlando Air Force Base (firure 62) and well 932-128-1 weat of " ,

Orlando (figure 53) are caused by rapid recharge through the many £ L e tL’l ﬁ o i.'.g )
drainage wells in the area. The nearly equally sharp declines R

following the risea show that the water mound created by the
drainage wella rapidly disnipated through the porous limesatone.
Although the water probably movea slowly, the preasure ia
tranamitted relatively rapidly to other parts of the aquifer
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Pigure 80. Piezometric surface relative to land surface datum, st high.water
conditions, September 1960, Orange County, Florida.



caused only a relatively amall decline in water levels, Mont of the \
fluctuationa shown hy the hydrograph on figure 63 are cauned by

variationa in recharge; however, as pumpage increases in the

future, continuing decline of average water levels near the centers

of heavy pumping can be expected.

Before man began to withdraw and inject water, the arteaian
aquifer was in hydrologic equilibrium; that is, over climatic cycles
the amount of discharge from the aquifer equalled the recharge.

The average slope of the piezometric surface adjuated to the

average discharge and the average recharge. Withdrawal of water !
by wells is a new discharge from the aystem which must be

balanced by a reduction in natural discharge, an increased recharge

or a combination of the two if a new equilibrium is to be reached. :
~To reduce natursl diacharge, the slope of the plezometric aurface

between the area of pumping and the area of natural dincharge

must be reduced ro that lesa water flows to the diacharge pointa, !
When piezometric levela are lowered in recharge areax, the head '
difference between the water table and the artesian aquifer is
increased which tends to cause an increased rate of recharge,
thereby salvaging water that would normally flow off in streama
or be loat to evapotranapiration. Thus, it is obvioua that some

' lowering of the average piezometric levels is neceasary if water

is used. '

If pumping ratea are stabilized, the plezometric aurface
eventually will stabilize at a new equilibrium slope—providing the
average pumpage does not exceed the reduction in natural diacharge
and the increare in recharge. A continued increase in pumping will
will result in a continued lowering of average piezometris level.

RECHARGF. ARFAS i '

Most of the recharge to the Floridan aquifer in Orange County
is from infiltration of rain through the relatively thin,
semipermeable confining beda in the highlanda section and through
the more than 300 drainage wells in the county. A lemser quantity
enters the county by underground flow from southern Lake County ’
and a small amount enters from Osceola County. A knowledge
of the areas where rainfall can recharge the Floridan aquifer
is necensary if development of Orange County is to be planned to
protect the future water suppliea of the area. Several methods can
be used to delineate these areas. One method is by analysis of
hydrologic and geologic data. Figure 54 shows the limits of the
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aren—based on the configuration of the piezometric aurface shown
in figure 45—that might contribute recharge to the Floridan
aquifer in Orange County. .

Water level records of lakes, the nonartesian aquifer, and the
Floridan aquifer show that lake levels and the water table are
above the piezometric aurface in most of Orange County (figs. 50
and 61) and rain will infiltrate and recharge the Floridan aquifer
in most parts of the county if the confining bed overlying the
aquifer is not impermeable. A atudy of the geologic logs of wells
shows that the confining bed generally is much thinner and more
permeable in the rolling highlands in the western part of the area
than it ia in the reat of the county (figs. 3, 6, and 39) : therefore,
. rain can infiitrate to the Floridan aquifer much more easily in the
highlands than in the lowlands.

Analyais of the hydrographs of wells in the Floridan aquifer
(figa. 37, 41, 562, and 53) and rainfall records show that the water
levels in wells in the highlands respond to rainfall much more
rapidly and with much greater magnitude than do wells in the reat
of the county. This indicates that much more recharge in entering
the Floridan aquifer in the highlanda than elsewhere.

Another method of delineating recharge areas is by analysis
of the mineral content of water from the aquifer. In general, water
in recharge areas is leas mineralized than in other areas.
Therefore, if allowance is made for the varying solubilities of the
materiala in and above the aquifer and if there is no outaide
contamination, the less the mineralization of the water the closer
it in to recharge areas. Figure 656 showa the dissolved solids in
water in the aquifer in Orange County. The values when analyzed
in conjunction with the plezometric maps indicate that there is an
effective recharge area in and near weatern Orange County.

A third method of evaluating recharge areas in by computing
the quantity of water which enters and leaves an area by
underground flow. The difference between the two is the net
recharge within the area. The net recharge plus any discharge
(pumpage, rpring flow or natural seepage) is the recharge within
the area. The net recharge (outflow minus inflow) within Orange
County was calculated to be an average rate of about 35 mgd in
1961. Pumpage wan about 66 mgd, apring flow and seepage were
estimated to be 110 mgd; therefore, total recharge was about 210
mugd. The weaknens of this method is that the tranamissibility
(T) of the aquifer may not be uniform and the T values used in
the computation may not be representative of the aquifer.
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Analytical reanlin in mievograms per liter
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Aluminum 13 Germanium < 29
Beryllium < 57 Iron < .29
Bismuth < .29 Manganere <14
Cadmium <14 Molybdenum 54
Chromium <14 Nickel .63
Cobalt <14 Lead <14
Copper <14 Titanium < b7
Gallium < b.7 Vanadium < .29
Zinc <B7

These concentrations are well within the recommended limits
set by the U. S. Public Health Service. The symbol < indicates
that the concentrations are less than the values shown which are
the lower detection limits.

The temperature of the water in the Florldan aquifer in Orange
County rangen from 71 ° to 77°F (See fig. 69.). In general, the
temperaturea of the water increase with increased depth in the
aquifer. This ir probably due to the natural geothermal gradient
of the earth.

SALT-WATER CONTAMINATION

The only known occurrence of salt-water contamination of
ground water in Orange County i in the eastern part of the county
(fig. 68). The high salt content of the water in this area ina
prohiably due to incomplete flushing of sea water that entered the
aquifer when the ocean Inat covered thia part of Florida, rather
than to direct encroachment from the present-day ocean. In
coastn]l areas where frerh water and sea water are in hydroatatic
balance with ecach other, the Ghyben-Herzberg ratio can he used
to calculate Lthe approximate depth at which sea water will be
found. The Ghyben-llerzberg ratio in based on Lthe relative weight
of fresh water and rea water (1:1.025) and indicates that 41 feet
of fremh water are required to halance 40 feet of sea water. This
meana that for every foot of fresh water heatd ahove mal, there
should be at leant 40 feet of fresh water below mal. Applying
- thin ratio in the Cocoa well field area in eaatern Orange County
(fig. 5) where the average piezometric head is ahout 40 feet above
mal (fig. 47). there should be fresh water in the aquifer to a depth
of at leant 1.600 feet helow mxl; yet a pilot well drilled in the area
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DRAINAGE WELLS
HISTORY

The firat drainage well in Orange County was drilled about
1904. Since that time about 400 drainage wells have been drilled
in the county. The data on 392 drainage wella will be listed in an
Information Circular in preparation (1967) that will be titled
“Water Resources Records of Orange County, Florida.” Quite a
few drainage wella probably are not included because prior to
1919 it was not necessary to obtain a permit to inatall such wella;
and even after 1939, a number of wella probably were insatalled
without permits. No public record has been kept of many drainage

wells. The moat active year for drilling of drainage wells was 1960
when about 35 wells were constructed.

POLLUTION

- The ponaibilitien of pollution of ground-water supplies by
drainage wells wan dencribed in detail by Unklesbay (1944) and
by Telfair (1948). Unklesbay states (Ibid p. 25), “water which
drains from roadaide ditches or atreet gutters, and especially that
discharged from septic tanks, is almost certain to be polluted, and
the freedom of circulation allowed by cavernous limestone may
permit auch waters to enter supply wells without being rubject to
filtration.” Telfair (p. 8-9) rhowa that in a test at Live Oak, where
the limesatone aquifer is similar to that in Orange County, aalt
put in a well was detected in an observation well 600 feet away 15
minuten Iater. Thus, water can move through the aquifer at apeeds
of at least 40 feet per minute if hydrologic conditions are favorable.

"~ Under natural conditions, ground water moves very slowly—
usually leas than a few feet a day. However, when the natural
conditiona are altered, as occurs when drainage from a well builds
up a local mound and pumping from a nearby supply well creates
a cone of depression, the gradient between the two wells is greatly
steepened ro that in cavernous limeatone, water moves rapidly
from a drainage well to a supply well, -

The quality of the water flowing down drainage wells in Orange
County varies from practically pure rain water to highly polluted
water. An example of poliuted water entering the Aquifer ia a
drainage well (826-125-1) that receives water used to flush cow
barna at a dairy as well an rurface drainage. The water entering
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i -feet deep well carries appreciable quantities of cow
::;:m:ofz On January 8, 1964, the water draining into the 'well had.
the following concentrations in ppm: sodium, 68; potassium, 54;
chlorides, 64; fluorides, 3.8; and phoaphates, 34. All of these
concentrations are much higher than the natural u{nter of the area.
Water from a 289-foot deep well (836-126-2) which is 1,000 feetl
downgradient from well 836-126-1 had tl.le following minera.
concentrations in ppm on March 16, 1964 : sodium, 15; chlorit!ea. 13;
and fluorides, 0.6. Thene concentrations are abnormally high for
the area and indicate that polluted water from the drainage well
is probablly entering the supply well, Another drai'name well near
Winter Garden (833-134-2) receive‘s water from tile dni!\s that
underlie a citrus grove. On January 8, 1964 the water entering this
well had the following concentrations of mineral constituents in
ppm: sodium, 15; potassium, 15; sulfate, 156; chloride, 48; fluoride,

- 2.0; and nitrates 104. All of these concentrations are much higher

than the concentrations in the natural water in the area. The
higher than normal concentrations of potassium and nitrates
definitely indicate pollution from fertilizer.

General areas where bacterially polluted water has been found
in some wells by the Orange County Health Department arg shown
in figure 60. Most wells in the indicated areas are probably not
polluted but the map shows areas where pollution is more prevalent
than in other arean of the county. Orange County Health
Department recordas show that in the 6-year period 1?59-1964
approximately 50 wells showed evidence of bacterial pollution. The
indicator bacteria are not harmful but indicate that harmful
organisms could be present. It is probable that many private wells
have at some time contained polluted water, but it waa not
discovered because samples were not taken for bacterial analyses.

A salt test similar to the Live Oak test was made in Orange’
County in March 1961 by the Orange County Health Department.
A drainage well located in the northwestern corner of Lake Plearant
in the northweatern part of Orange County was suspected of
causing pollution in nearby supply wells. Within a few hours after
water from the lake was allowed to drain into the well on September
24, 1960, water from supply wells in the area became poilutet.i.
Water pumped from the Northcreat Public Supply well which is
located 1,000 feet to the northwest and cased 60 feet deeper than
the bottom of the drainage well suddenly became muddy, high in
bacteria count, and had an unpleasant taste and odor. The pollution
cleared up after the drainage well was shut down and returned
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KARST IN FLORIDA

by
Ed Lane

INTRODUCTION

Familiar features of surface drainage systems are streams, rivers, and
lakes (all interconnected) which cross the land and eventually discharge
into an ocean. In contrast, karst terrains have drainage systems that are
distinctly different from these surface drainage systems. Karst terrains
develop in areas underlain by carbonate rocks, primarily limestone and
dolomite, and have drainage which is manifested by sinkholes, springs,
caves, disappearing streams and underground drainage channels. Karst
topography is usually irregular due to the solution activity of acidic sur-
face and groundwaters, which dissolve the carbonate rocks, forming
cavities and allowing surficial sediments to collapse or subside.

Carbonates are a large group of minerals which have as a common
constituent the carbonate ion {CO;). When combined with other ele-
ments these carbonate ions form various carbonate minerals, of which
the three most common are calcite and aragonite (CaCO,), and dolomite
{CaMg(CO,},). Calcite is by far the most abundant carbonate mineral. It
occurs as enormous and widespread sedimentary deposits in which it is
the predominant mineral. In pure limestones, some of which occur in
Florida, calcite makes up 98 to 100 percent of the rock. Practically all
carbonate rocks in Florida are limestone or dolomite, with limestone pre-
dominant.

It has been estimated that limestones and dolomites constitute about
20 percent of all sedimentary rocks (Gilluly, et al., 1959), and that 5 to
10 percent of earth’s land surface is karstic (Jackson, 1982). Because
carbonate rocks comprise such a large proportion of the rocks on or near
the earth’s surface, karst terrains occur in many parts of the world.

The classic karst area, from which the name is derived, is the Karst
district of Yugoslavia, near the eastern shore of the Adriatic Sea. It is
nearly 100-miles wide in places, with the entire district approximating
the area of New York State. There, the limestone rocks are honeycombed
by tunnels and caverns, so that most of the drainage is underground.
Large sinkholes are abundant, some as deep as 600 feet. Streamless
valleys are common since streams often disappear into swallow holes
(American Geological Institute, 1962, p. 271). Streams tend to have
intermittent surface flow for short times after rain or snow melt. The
hummocky terrain is characterized by deeply eroded, isolated valleys and
steep-sided hills. These geomorphic features are so characteristic of the
Yugoslavian Karst district that the generic term karst terrain has been
universally applied to them, meaning terrain that has been shaped by
dissolution of the underlying carbonate rocks.

Karst regions in the United States include the caves and sinks region of
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southern Indiana; central Kentucky and Tennessee, which has the Mam-
moth Cave system; the Carlsbad Cavern region of southern New Mexico;
the Appalachian Mountain’s Great Valley limestone belt, which has Natu-
ral Bridge and Luray Caverns; and Florida’s extensive karst plains, sink-
hole lakes and caves.

Why study karst? Figures 1, 2, and 3 show the significance of karst in
Florida and why concern is justified. An understanding of karst is impor-’
tant to Floridians because Florida is almost entirely underlain by carbon-
ate rocks. Karst is more than an academic problem when one considers
that the surface of much of Florida’s bedrock limestone probably resem- .
bles Figure 1, if one could strip off all overburden. Florida’s karst means :
special problems which necessitate special considerations and precau- !
tions. Planners at all levels need to be familiar with karst, from the private
citizen who plans to build a home to architects and engineers who design =
and site buildings and government officials who issue permits for con-
struction or waste disposal. Florida’s rapid population growth results in :
more construction of roads, houses, and other facilities, increased need
for the safe disposal of all kinds of wastes, and increased demands on
the State’s water resources for consumptive and non-consumptive uses.
All of these human activities place continually increasing stresses on the
environment, which poses a need to understand Florida's karst. This
publication will explore Florida karst: what causes it, specific examples
of it, benefits and hazards associated with it, and what can be done
about it.

L St

METRIC CONVERSION FACTORS

The Florida Bureau of Geology, in order to prevent duplication of paren-

thetical conversions, inserts a tabular listing of conversion factors to
obtain metric units. :
MULTIPLY BY TO OBTAIN !

feet 0.03048 meters !
square feet 0.092 square meters i
miles . 1.609 kilometers i
square miles 2.590 square kilometers
cubic feet 2.8311 cubic meters
gallons 3.785 liters s . Y9
tons 0.907 metric tons ' - - v o TSI SRL 4.4
Figure 1. Karst limestone surface showing honeycomb of round solu-
POROSITY AND PERMEABILITY : tion pipes. This surface was exposed when the overburden
was scraped off and the sands and clays plugging the pipes
Karst formation involves primarily the chemical weathering and ero- were removed by water jets. Bedrock is Ocala limestone of
. sion of carbonate rocks. It is appropriate, therefore, to discuss factors Eocene age in the abandoned Buda limerock mine off Route
relating to and controlling the movement of underground water. The two 41 between Newberry and High Springs. Picture taken about
- properties that are common to all rocks, and which control the move- 1972 and used by permission of William A. Wisner, geologist,
.ment of underground water, are porosity and permeability. Florida Department of Transportation.

Porosity and permeability are intimately related. A porous rock con-
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ward to recharge groundwater aquifers, then move laterally until being
discharged to stream beds or in surface or submarine springs. Some
underground water may be taken up by plants and evapotranspired to
the atmosphere; some may be withdrawn by wells for human use.

All groundwater occurs in open spaces within the rock materials of the
earth’s crust. Aquifers are subsurface zones of rocks or sediments that
yield water in sufficient quantities to be economically useful for man’s
activities. Aquifers are classified as either unconfined, semi-confined, or
confined. Figure 6 illustrates several situations commonly encountered in
Florida sediments and rocks.

Water that is in direct contact with the atmosphere through the pores
or voids in sands, gravels, or rocks is called unconfined water, and-the
i zone of sediments or rocks saturated with water is an unconfined aqui-
i fer, sometimes referred to as the surficial or watertable aquifer. The top
! of the watertable can be visualized as being the upper surface of the zone
: of saturation. The elevation of the watertable is also represented by the
water level in wells. The watertable surface is usually a subdued replica
1 of surface topography, with the watertable lying at shallow depths in
much of Florida.

i Semi-confined or confined water is separated from direct contact with
R the atmosphere by impermeable materials, such as clay beds or consoli-
dated rocks. Confinement may impose pressures on the contained water
that are higher than atmospheric, creating artesian conditions. Artesian
conditions originally meant that a well produced flowing water at the
. surface because of the pressure in the penetrated aquifer. The term now
refers to any condition where water is under greater-than-atmospheric
pressure and will rise some distance up a weli that penetrates a confined
aquifer; however, the well need not flow at land surface.

i In nature, the distinction between unconfined and confined ground-
i water is not so clear-cut, but is usually gradational due to the physical
characteristics of most rocks. At one extreme are loose materials, such
as sand, gravel, and many soils, which have relatively high permeabili-
' ties. At the other extreme are so-called tight, solid, or impermeable rocks
or clays. While most clays, or sediments with significant amounts of
clay, do have some permeability, it is usually so low that, for water-
yielding purposes, they are classified as being “impermeable’’ and are
. considered to act as confining beds to more permeable rocks. Some-
4 where between these extremes lie countless combinations of rock types
i with varying degrees of permeability which are classified as semiperme-
able, i.e., they may transmit enough water to allow recharge to contigu-
ous strata, but they cannot provide useful quantities of water to a well.
Aquifers bounded by semipermeable units may be classified as semi-
confined, depending on the water-yielding abilities of the rocks. Figure 6
illustrates this situation by showing surface water being recharged
directly to the confined limestone aquifer through a sinkhole that has

R
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breached the confining bed, and indirect recharge of water from the




BUREAU OF GEOLOGY SPECIAL PUBLICATION NO. 29 11

unconfined watertable aquifer by slow, downward seepage through the
semi-permeable clay.

Unconfined and confined groundwaters move in response to gravity,
the same as surface water, from higher to lower elevations. Confined
groundwater also moves in response to pressure gradients, similar 1o the
. movement of water in pressurized pipes. As shown in Figure 6, water
1 will migrate downward through the confining clay if the pressure created
{ by the weight of the water in the overlying watertable aquifer is higher
than the pressure in the confined aquifer. Conversely, if pressure in the
confined aquifer were high enough to overcome the pressure of the
water in the unconfined aquifer, then water would move from the lime-
stone through the clay to the sand. Both of these situations commonly
occur in Florida due to inhomogeneities of strata, karst features, and
pressure gradients.

Springs are an expression of leakage from a watertable, semi-
confined, or confined aquifer. In Figure 6, for example, the surface spring
occurs because the watertable aquifer occurs on top of a confining bed
that impedes the downward percolation of recharge water. This situation
; forces the water to move laterally, downslope, and discharge where the
k) permeable sand and the less permeable clay bed intersect land surface.
3 After prolonged periods of no rain the aquifer may become so depleted
that the spring ceases to flow. This type of spring is frequently seen in
the steep-walled stream valleys of north Florida.

Similarly in Figure 6, the subaqueous spring that discharges into the
stream bed from the confined aquifer does so because of higher water
pressure in the aquifer. In this situation, however, if the pressure in the
aquifer falls too low due to depletion of water, the spring may reverse its
flow, taking water back into the aquifer or recharging it. This, too, is a
well-documented occurrence in some Florida streams. Ceryak, et al.
(1983) found that many sinkholes in the bed of the Alapaha River near
Jennings, in northwest Hami'ton County, Florida, have recharged as
much as 770 cubic feet per second (497,420,000 gallons per day) to the
adjacent aquifer. Miller, et al. (1978) found that, at times of high stages
of the Suwannee River, river water was recharged to the limestone aqui-
fer through karst features in its channel.

It is these driving forces in the hydrologic cycle that move underground
water through Florida’s carbonate rocks. In transit, the water dissolves
and carries away in solution the chemical components of the rocks,
leaving behind caves, solution pipes, and other voids that result in a karst
terrain,
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EVOLUTION OF KARST TERRAIN

hatm i

The evolution of any terrain into characteristic landforms involves
weathering and erosional processes: wind, water, frost heaving, slump-
ing, or wave activity, to name a few. In most areas, the predominant

Figure 6. Unconfined and confined aquifers in a simplified stratigraphic sequence that is common-in

o
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Figure 7a. Relatively young karst landscape showing underlying
limestone beds and sandy overburden with normal, inte-
grated surface drainage. Solution features are just
beginning to develop in the limestone.

weathering, erosional, and transporting agent is water, either falling,
flowing across the land, or circulating through subsurface rocks.

Chemical Weathering of Carbonate Rocks

Since the genesis of karst involves the development of underground
drainage systems, it is necessary to study such systems to understand
the formation of karst. Karst processes tend to be secretive and imper-
ceptible because most development occurs underground over long peri-
ods of time. The results of these persistent processes will be manifested,
sooner or later, in the subsidence of surficial sediments to form swales,
the formation of a new sinkhole, a sudden influx of muddy water in a
water-well after a heavy rain, or some other karst phenomenon that may
disturb or disrupt man’s activities. Figure 7 illustrates the evolution of
karst terrain, as described below.

Chemical weathering is the predominant erosive process that forms
karst terrain. Chemical weathering of limestone removes rock-mass
through solution activity. As rain falls through the atmosphere, some
carbon dioxide and nitrogen gases dissolve in it, forming a weak acidic
solution. When the water comes into contact with decaying organic
matter in the soil, it becomes more acidic. Upon contact with limestone,
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Figure 7b. Detail of Figure 7a showing early stages of karst forma-
tion. Limestone is relatively competent and uneroded.
Chemical weathering is just beginning, with little internal

circulation of water through the limestone. Swales,
forming incipient sinkholes, act to concentrate recharge.

a chemical reaction takes place that dissolves some of the rock. All rocks
and minerals are soluble in water to some extent, but limestone is espe-
cially susceptible to dissolution by acidic water. Limestones, by nature,
tend to be fractured, jointed, laminated, and to have units of differing
texture, all characteristics which, from the standpoint of percolating
groundwater, are potential zones of weakness. These zones of weakness
in the limestone are avenues of attack that, in time, the acidic waters will
enlarge and extend. Given geologic time, conduits will permeate the rock
that allow water to flow relatively unimpeded for long distances.

During the chemical process of dissolving the limestone, the water
takes into solution some of the minerals. The water containing the dis-
solved minerals moves to some point of discharge, which may be a
spring, a stream bed, the ocean, or a well, and another tiny volume of
Florida’'s rock substrate has been removed.

Removal of the rock, with the continuing formation or enlargement of
cavities, can ultimately lead to the collapse of overlying rocks or sedi-
ments. If the collapse is sudden and complete, an open sinkhole will
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SWALLOW HOLE
(disappearing stream)

ORIGINAL LAND

SURFACE LOWERED
NATURAL BRIDGE
SINKHOLE
e

HUMMOCKY TERRAIN

. CAVERNS

-C—l DEVELOPING —/
Figure 7c. Advanced karst landscape. Original surface has been
lowered by solution and erosion. Only major streams
flow in surface channels and they may cease to flow in
dry seasons. Swales and sinkholes capture most of the
surface water and shunt it t0 the underground drainage
system. Cavernous zones are well-developed in the
limestone. '

result, sometimes revealing the cavity in the rock (Figures 8 and 9). More
often, though, debris or water covers the entrance to subterranean drain-
age. Partial subsidence of the overburden into cavities will form swales
at the surface, producing hummocky, undulating topography. By this
slow, persistent process of dissolution of limestone and subsequent col-
{apse of overburden, the land is worn down to form a karst terrain.
At some point in this process of dissolution of underground rocks, a
normal surface drainage system will begin to be transformed into a dry or
disappearing stream system. Continuing dissolution of the limestone will
create more swales and sinkholes, which will divert more of the surface
, water into the underground drainage. Eventually, all of the surface drain-

age may by diverted underground, leaving dry stream channels that flow
,only during floods, or disappearing streams that flow down swallow
sholes (sinkholes in stream beds) and reappear at distant points to flow as
springs or resurgent streams.
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ACTIVITY

CAVERBNOUS UNDERWATER
SFRING

D

Figure 7d. Detail of Figure 7c showing advanced stage of karst
formation. Limestone has well-developed intercon-
nected passages that form an underground drainage
system, which captures much or all of prior surface
drainage. Overburden has collapsed into cavities form-
ing swales or sinkholes. Caves may form. Land surface
has been lowered due to loss of sand into the lime-
stone’s voids. ‘Wakulla Springs and Silver Springs are
examples of cavernous underwater springs.

Lowering of Land Surface

Inherent in the formation of karst terrain is the lowering of land surface
on a regional scale, in contrast to the very localized lowering at a sink-
hole. Regional lowering of the land surface takes place through the
cumulative effects of thousands of individual, localized events, and
through the continual removal of carbonate rock by dissolution. Several
investigations have been made to determine an ‘‘average’’ rate of sur-
face lowering in Florida, the results of which are discussed below and
shown in Tables 1 and 2.

Table 1 gives comparative data for the ten largest first-magnitude
springs in Florida. The amounts of solids removed from the land by these
springs’ flows range from 59 to 541 tons per day. These figures are
Impressive, but they do not indicate how rapidly the land surface may be
being lowered. More meaningful are the amounts of material that are
carried off per year per square mile of land surface, which can be calcu-
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in slightly higher areas adjacent to the flatwoods.

" Scattered sinkholes and numerous lakes and ponds are
in this map unit. These soils are extensive in the western
half of Orange County on the Mount Dora Ridge, the
Orlando Ridge, and Lake Wales Ridge and in scattered
areas of the Osceola Plain. Tavares and Millhopper soils
are nearly level to gently sloping and are moderately well
drained. Tavares soils are on low ridges and knolls in
upland areas. Milthopper soils are on low ridges and
knolls on the flatwoods. Zolfo soils are nearly level and
are somewhat poorly drained. They are in broad, stightly
higher areas adjacent to the flatwoods.

The natural vegetation is bluejack oak, turkey oak, live
oak, water oak, laurel oak, siash pine, and longleaf pine.
The understory includes creeping bluestem, lopsided
indiangrass, grassleaf goldaster, and pineland threeawn.

This map unit makes up about 12 percent of Orange
County. It is about 37 percent Tavares soils and similar
soils, 22 percent Zolfo soils and similar soils, 12 percent
Milihopper soils and similar soils, and 29 percent soils of
minor extent.

Typically, Tavares soils have a surface layer of very
dark gray fine sand about 6 inches thick. The upper part
of the underlying material, to a depth of about 16 inches,
is brown fine sand. The middle part, to a depth of about
41 inches, is pale brown fine sand. The lower part to a
depth of about 80 inches or more is white fine sand.
Sails similar to Tavares soils are Archbold and
Florahome soils.

Typically, Zolfo soils have a surface layer of dark
grayish brown fine cand about 5 inches thick. The upper
part of the subsurface layer, to a depth of about 23
inches, is grayish brown fine sand. The middie part, to a
depth of 38 inches, is light brownish gray fine sand. The
lower part, to a depth of about 55 inches, is very pale
brown fine sand. The upper part of the subsoil, to a
depth of about 71 inches, is brown fine sand. The lower
.part to a depth of about 80 inches or more is dark brown
fine sand. Soils similar to Zolfo soils are Pomello soils
that are moderately well drained.

Typically, Millhopper soils have a surface layer of dark
grayish brown fine sand about 6 inches thick. The upper
part of the subsurface layer, to a depth of about 42
inches, is light yellowish brown fine sand. The lower part,
to a depth of about 66 inches, is very pale brown fine
sand that has yellowish brown mottles. The upper part of
the subsoil, to a depth of about 78 inches, is brownish
yellow sandy foam. The lower part to a depth of about
80 inches or more is light gray sandy clay loam that has
yellowish brown and yellowish red mottles. Soils similar
to Millhopper soils are Apopka and Lochloosa soils.

Of minor extent in this map unit are Basinger, Candler,
and Smyrna soils.

In most areas, the soils in this map unit are used for
citrus crops (fig. 4) or pasture or for homesite and urban
development. In some areas, these soils are used for
cultivated crops.

13

4. Urban land-Tavares-Pomello

Nearly level to gently sloping, moderately well drained
solls that are sandy throughout, some have an organic-
stained subsoil at a depth of 30 to 50 inches; most areas

have been modified for urban use

The soils in this map unit are on low ridges and knolls
in the upland areas and on the flatwoods. A few short,
steep slopes are near scattered sinkholes and numerous
lakes, ponds, and wet areas. These soils are in the
north-central part of Orange County on the Orlando
Ridge. Several small areas of these soils are scattered
on the Lake Wales Ridge and Osceola Plain in the
western part of Orange County.

The existing natural vegetation is slash pine, bluejack
oak, turkey oak, live oak, scattered sand pine, and
longleaf pine. The understory includes saw palmetto,
creeping bluestem, lopsided mdfangrass grassleaf
goldaster, and pineland threeawn.

This map unit makes up about 6 percent of Orange
County. It is about 40 percent Urban land, 26 percent
Tavares soils and similar soils, 16 percent Pomello soils
and similar soils, and 18 percent soils of minor extent.

The Urban land part of this complex is covered by
concrete, asphalt, buildings, or other impervious surfaces
that obscure or alter the soils so that their identification
is not feasible.

Typically, Tavares soils have a surface layer of dark
gray fine sand about 6 inches thick. the upper part of
the underlying material, to a depth of about 10 inches, is
grayish brown fine sand. The middle part, to a depth of
about 48 inches, is palc brown fine sand. The lower pait
to a depth of about 80 inches is very pale brown fine
sand. Soils similar to Tavares soils are Florahome and
Seffner soils.

Typically, Pomello soils have a suiiace layer of dark
gray fine sand about 5 inches thick. the subsurface
layer, to a depth of about 42 inches, 15 white fine sand.
The upper part of the subsoil, to a dupth of about 48
inches, is dark reddish brown fine sund. The lower part,
to a depth of about 54 inches, is dait- brown fine sand.
The substratum to a depth of about 0 inches is \ight
gray fine sand. Soils similar to Pomello soils are Zolfo
soils.

Of minor extent are Archbold, Basinger, Candler,
Lochloosa, Milthopper, and Smyrna «.ils.

Most of the acreage in this map it is used for
houses, large buildings, shopping centers, golf courses,
and related urban uses. Natural vequetation thrives only in
a few areas in this map unit. Farming is of little
importance because of the extensiv.: uthan
development. Numerous rurseries oduce plants for
landscaping. Part of the cities of Orlundo, Maitland, and
Ocoee have been developed on the..e soils.
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managed. The water control system should maintain the
water table near the surface to prevent excess .
subsidence of the organic material. Regular applications
of fertilizer and lime are needed. Grazing should be
controlled to maintain plant vigor.

This soil is not suited to pine trees.

This soil has severe limitations for building site
development, sanitary facilities, and recreational uses
because of ponding and excess humus. Water control
measures should be used to minimize the excessive
wetness limitation. Organic material, which has low soil
strength, should be removed and backfilled with a soil
material suitable for urban use. Constructing buildings on
pilings can help prevent structural damage that is caused
by soil subsidence. The sealing or lining of a sewage
lagoon or trench sanitary landfill with impervious soil
material can reduce excessive seepage. The sidewalls of
shallow excavations should be shored. Water control
measures should be used to minimize the excessive
wetness limitation. Mounding of septic tank absorption
fields may be needed.

This Terra Ceia soil is in capability subclass lllw and
has not been assigned to a woodland group.

50—Urban land. This miscellaneous area is covered
by such urban facilities as shopping.centers, parking
lots, industrial buildings, houses, streets, sidewalks,
airports, and related urban structures. The natural soil
cannot be observed. The slopes are dominantly less
than 2 percent but range to 5 percent.

In areas mapped as Urban land, 85 percent or more of
the surface is covered by asphalt, concrete, buildings,
and other impervious surfaces that obscure or alter the
soils so that their identification is not feasible.

Included in this map unit are moderately urbanized
areas where structures cover 50 to 85 percent of the
surface. Candler, Florahome, Millhopper, Ona, Pomello,
St. Lucie, Smyrna, Tavares, and Wabasso soils mostly
are used for lawns, playgrounds, parks, and open areas.
These soils generally have been altered by grading and
shaping or have been covered by about 12 inches of fill
material. This fill material consists of sanc, and loamy
material that may contain fragments of limestone and
shell. The individual areas of soils in this map unit are
too small to map separately at the scale used for the
maps in the back of this publication.

Drainage systems have been established in most
areas of Urban land. Depth to the seasonal high water
table is dependent upon the functioning of the drainage
system.

Urban land has not been assigned to a capability
subclass or to a woodland group.

51—Wabasso fine sand. This soil is nearly level and
poorly drained. It is on broad flatwoods. The slopes are
smooth to slightly convex and range from 0 to 2 percent.

61

In 90 percent of areas mapped as Wabasso fine sand,
Wabasso soil and similar soils make up 96 to 99 percent
of the mapped areas. Dissimilar soils make up 1 to 4
percent of the mapped areas.

Typically, this soil has a surface layer of black fine
sand about 3 inches thick. The subsurface layer, to a
depth of about 18 inches, is light brownish gray fine
sand. The upper part of the subsoil, to a depth of about
21 inches, is black fine sand. The middie par, to a depth
of about 45 inches, is very pale brown sandy clay loam
that has common yellowish brown motties. The lower
part, to a depth of 70 inches, is light gray sandy clay
loam that has common yellowish brown mottles. The
substratum to a depth of 80 inches or more is light
brownish gray loamy sand. In the mapped areas are
similar soils, but some of these soils have a subsoil at a
depth of 30 inches, in some soils the lower part of the
subsoil is at a depth of more than 40 inches, and in
some the upper part of the subsoil is weakly coated with
colloidal organic matter. '

Dissimilar soils included in mapping are immokalee
and Smyrna soils in small areas.

In most years, a seasonal high water table is at a
depth of less than 10 inches for 1 month to 5 months. It
recedes to a depth of more than 40 inches during
extended dry periods. The permeability is rapid in the
surface and subsurface layers and in the substratum. It
is moderate in the sandy part of the subsoil and slow or
very slow in the loamy part. The available water capacity
is very low in the surface and subsurface layers, medium
in the subsoil, and low in the substratum. Natural fertility
is low. The organic matter content is moderate to
moderately low.

In most areas, this Wabasso sail has been left in
natural vegetation. In a few arcas, it is used for
cultivated crops, improved pasture, or citrus crops or for
homesite and urban developmeni. The natural vegetation
is longleaf pine and slash pine. The understory includes
lopsided indiangrass, inkberry, saw palmetto, pineland
threeawn, waxmyrtle, bluestem, panicum, and other
grasses.

This soil has very severe limitations for cultivated
crops because of wetness and the sandy texture in the
root zone. However, if a water control system is installed
and soil-improving measures e used, this soil is fairly
suited to many vegetable crops. A water control system
is needed to remove excess \vater in wet periods and to
provide for subsurface irrigation in dry periods. Soil-
improving crops and crop residue should be used to
control erosion and to maintain the content of organic
matter in the soil. Seedbed preparation should include
the bedding of rows. Fertilizer and fime should be
applied according to the need of the crop.

The suitability of this soil for citrus trees is good in
areas that are relatively free of frcezing temperatures
and if a water control system is installed to maintain the
water table at a depth of about 4 feet. Planting trees on
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ABSTRACT

The Hawthorn Formation has been a groblematic unit for geologists since its inception by Dall and Har-
ris (1892). It is a complex unit consisting of interbedded and intermixed carbonate and siliciclastic
sediments containing varying percentages of phosphate grains. These sediments have been widely
studied by geologists due to their economic and hydrologic importance in the southeastern United
States. Economically, the Hawthorn sediments contain vast quantities of phosphate and clay and limited
amounts of uranium. Hydrologically, the Hawthorn contains secondary artesian aquifers, provides an
aquiclude for the Floridan aquifer system and, in some ares, makes up the upper porticn of the Floridan
aquifer system. '

The Hawthorn Formation of previous investigators has been raised to group status in Georgia by Hud-
dlestun (in press). The present investigation extends the formations recognized in southern Georgia into
northern Florida with some modifications, and accepts Huddlestun's concept of the Hawthorn Group.
The Hawthorn Group and its component formations in southern Florida represent a new lithostratigraphic
nomenclature applied to these sediments. The elevation of the Hawthorn to group status in Florida is
justified by the Hawthorn’s complex nature and the presence of areally extensive, mappable lithologic
units.

The Hawthorn Group in northern peninsular Florida consists of, in ascending order, the Penney Farms
Formation, the Marks Head Formation and the Coosawhatchie Formation. The Coosawhatchie Forma-
tion grades laterally and, in a limited area, upwards in{o the Statenville Formation. '

Lithologically, the Hawthorn Group in northern Fiorida is made up of a basal carbonate with interbedd-
ed siliciclastics (Penney Farms), a complexly interbedded siliciclastic-carbonate sequence (Marks
Head), a siliciclastic unit with varying percentages of carbonate in both the matrix and individual beds
(Coosawhatchie) and a crossbedded, predominantly siliciclastic unit (Statenville). Phosphate grains are
present throughout these sediments, varying in percentage up to 50 percent of the rock.

Sediments of the Hawthorn Group in northern peninsular Florida range in age from Early Miocene
(Aquitanian) to Middle Miocene (Serravalian). This represents a significant extension of the previously
accepted Middle Miocene age.

In southern Florida, the group includes two formations, in ascending order, the Arcadia Formation and
the Peace River Formation. The Tampa Formation or Limestone of former usage is included as a lower
member of the Arcadia Formation due to the Tampa's limited areal extent, lithologic similarities, and
lateral relationship with the undifferentiated Arcadia. Similarly, the Bone Valley Formation of former
usage is incorporated as a member in the Peace River Formation.

Lithologically, the Arcadia Formation is composed of carbonate with varying amounts of included and
interbedded siliciclastics. Siliciclastic sediments in the Arcadia are most prevalant in its basal Nocatee
Member. The Peace River Formation is predominantly a siliciclastic unit with some interbedded car-
bonates. Phosphorite gravel is most common in the Bone Valley Member. Sand-sized phosphate grains
are virtually ubiquitous in the southem Florida sediments with the exception of the Tampa Member where
it is often absent.

The southem Florida Hawthorn sediments range in age from Early Miocene (Aquitanian) to Early
Pliocene (Zanciian).

The Hawthorn Group in the eastern Florida panhandle is composed of the Torreya Formation and, in a
few areas, a Middie (?) Miocene unnamed siliciclastic unit. Lithologically, the Torreya consists of a
carbonate-rich basal section with interbedded clays and sands, and a dominantly siliciclastic, often
massive, plastic clayey upper unit (Dogtown Member). Phosphate grains are noticeably less common in
the Hawthorn of the panhandle.

Hawthorn Group sediments are characterized by the occurrence of an unusual suite of minerals.
Apatite (phosphate grains) is virtually ubiquitous in the peninsuiar Hawthorn sediments. Palygorskite,
sepiolite and dolomite occur throughout the group statewide.

Miocene sea level fluctuations were the primary controlling factor determining the extent of Hawthorn
deposition in Florida. During the maximum Miocene transgression, sediments of the Hawthorn Group
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were probably deposited over the entire Florida platform. Hawthorn sediments were subsequently
removed from the crest of the Ocala Platform (Ocala Uplift) and the Sanford High by erosion.

The Hawthorn Group appears to have been deposited under shallow marine conditions. These condi-
tions are suggested by the occurrence of molds of shallow water mollusks and a limited benthic
foraminifera fauna. The deepest water conditions apparently existed in the Jacksonville and
Okeechobee Basins.

The gamma-ray signature of the Hawthorn Group is quite distinctive, providing a useful tool for iden-
tification and correlation in areas of limited data. The Hawthorn signature consists of distinctiy dlfferent
patterns in northern and southern peninsular and eastern panhandle Florida.
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THE LITHOSTRATIGRAPHY OF THE HAWTHORN
GROUE (MIOCENE) OF FLORIDA

By
Thomas M. Scott

INTRODUCTION

The late Tertiary (Miocene-Pliocene) stratigraphy of the southeastern Coastal Plain provides
geologists with many interesting and challenging problems. Much of the interest has been generated by
the occurrence of scattered phosphorite from North Carolina to Florida. The existence of phosphate in
the late Tertiary rocks of Florida was recognized in the late 1800's and provided an impetus to investigate
these sediments. More recently, the hydrologic importance of these units has led to further investigations
of the stratigraphy and lithology to determine their effectiveness as an aquiclude, aquitard and aquifer.

The Hawthorn Formation in Florida has long been a problematic unit. Geologists often disagree about
the boundaries of the formation. The resulting inconsistencies have rendered accurate correlation be-
tween authors virtually impossible.

The biggest problem hindering the investigation of the Hawthorn strata has been a paucuty of quality
subsurface data. Since the mid-1960's, the Florida Geological Survey has been gathering core data from
much of the state, providing a unique opportunity to investigate the extent of, and facies relationships in
the Hawthorn of the subsurface.

This investigation is an attempt to provide an understanding of the Hawthorn Group, its lithologies,
stratigraphy and relation to subjacent and suprajacent units. A greater understanding of the Hawthorn is
imperative to deciphering the late Tertiary geologic history of Florida.

PURPOSE AND SCOPE

The purpose of this investigation is to provide a coherent lithostratigraphic framework facilitating a bet-
ter understanding of the Hawthorn Group in Florida. The internal framework of the Hawthorn, its lateral
continuity, and relation to subjacent and suprajacent units were investigated in order to provide this
knowledge.

The area covered by this study extends from the Apalachicola River in the Florida Panhandie on the
west to the Atlantic Coast on the east and from the Georgia-Florida border on the north, south to the
Florida Keys (Figure 1). The study area encompasses all or portions of 56 counties. Data points outside
the study area, particularly in Georgia, were used to assist in providing a more accurate picture within the
study area boundaries.

The study area boundaries were chosen based on several criteria. In the past, the western limits of the
Hawthorn were drawn at the Apalachicola River. The western boundary was chosen both to coincide with
the historical boundary and to avoid overiap with the investigation of equivalent sediments i.i the
Apalachicola Embayment by Schmidt (1984).

More than 100 cores provided the data base for the present study. The locations of cored data points
are shown on Figure 2. Figure 3 delineates cross section transects. ’
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METHOD OF INVESTIGATION

The Hawthorn Grou'p.is-predominantly a‘éubsurface unit. As a result, the principal data sources for this
study were the cores drilled by the Florida Geological Survey from 1964 through the present. The cores
were obtained using a Failing 1500 Drillmaster with a capacity to drill in excess of 1000 feet (305 meters).
Under most conditions, nearly continuous recovery of 1-% inch (4.5 cm) diameter cores was obtained.
Losses in core recovery were minimized due to the expertise of driller Justin Hodges. The cores
recovered were placed in boxes and are stored at the Geological Survey in Tallahassee. Additional cores
were obtained from the Southwest Florida Water Management District and the St. Johns River Water -
Management District. All cores are available for inspection by the public.

Supplemental lithologic data sources included samples obtained from water wells drilled by private
contractors who provide cuttings to the Geological Survey. Unfortunately, the cuttings do not necessarily
provide accurate lithologic information. This circumstance is due to the loss of fine grained (clay, silt and
very fine sand-sized), poorly consolidated to nonindurated sediments. The drilling method, sampie col-
lection, and subsequent removal of drill mud by washing facilitates the loss of this material. The net result
is to skew the sediment types toward sands and more indurated materials. The-use of cuttings does,
however, allow the extrapolation of lithologies and contacts in areas of limited core control. Water-well
cuttings were thus used only to supplement core data.

All cores and well cuttings were examined using a binocular microscope. Examinations were normally
made at magnification of 10x to approximate the use of a hand lens in field indentification. Higher
magnifications (up to 45x) were employed for the identification of the finer grained constituents of the
sediments. Geologist's logs of the samples were recorded according to the Florida Geological Survey
format which aids in producing a concise, standardized lithologic description. Coded lithologic data were
stored on magnetic tape for later retrieval and use. These data were run through the Florida Geological
Survey's FBGO1 program on the Florida State University computer which provided a full English printout
of the lithologic information. The data were also run through the Stratiog program to provide a lithologic
column of each core analyzed.

Samples collected for x-ray analysis were taken primarily from cores, although outcrops along the
Suwannee and Alapaha Rivers were also sampled. Since clay minerals present in the sediments were of
primary interest, samples were taken from the more clayey portions of the cores. Samples were mounted
for x-ray analysis by standard techniques and analyzed with CuKe<radiation.

Gamma-ray logs were run on most core holes. Numerous gamma-ray logs run in water wells are also
available for correlation purposes. Ali geophysical logs are on permanent file at the Geological Survey
and are open 1o the public.

PREVIOUS INVESTIGATIONS

interest in the general stratigraphic framework of the southeastern Coastal Plain and the occurrence of
phosphate in the sediments now assigned to the Hawthorn Group prompted geologists to investigate
these sediments in Florida. Table 1 indicates the important nomenciatural changes that have occurred in
relation to the Hawthorn Group.

The discovery of phosphatic rock in Florida first occurred in the late 1870's near the town of Hawthorne -
in Alachua County (Day, 1886). By 1883, Dr. C.A. Simmons quarried and ground the phosphatic rocks for
fertilizer (Sellards, 1910). During the 1880’s phosphate was also discovered in central Florida.

Smith (1881) noted the phosphatic rocks exposed along the Suwannee River from the Okefenokee
Swamp downstream and placed them in the Vicksburg Stage. Hawes (1882), in discussing the
“phosphatic sandstones from Hawthorne,” described them as containing sharks’ teeth and bones
belonging to the Tertiary Age. Smith (1885) and Johnson (1885) discussed the stratigraphy and occur-
rence of the phosphatic rocks of Florida. Johnson (1885) applied the name Fort Harlee marl to the
phosphatic sediments at Waldo in Alachua County. He mentioned the occurrence of Ostrea and silicified -
corals within the sediments. Johnson also mentioned that those rocks are rather widespread in the state.
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Smith (1885) examined samples sent to him by L.C. Johnson and thought the phosphatic limestone at
Hawthorne was Eocene or Oligocene, as was the rest of the limestone in the peninsula. However,
fossiliferous samples Trom the Waldo area indicated to Smith that the rocks were Miocene. He con-
sidered the rocks near.Waldo to be the same as those exposed at Rock Springs in Orange County. Kost
(1887), in the first report of the Florida Geological Survey, mentioned the recognition of phosphatic rocks
in several locations throughout the state. Penrose (1888) briefly discussed the phosphatic sediments of
Alachua County. Johnson (1888) named the Waldo Formation for the phosphatic sediments exposed in
eastern Alachua County.

The first major contribution to the understanding of the Miocene phosphatic sediments of Flordia was
published by Dall and Harris (1892). Relying upun unpublished data from L.C. Johnson and their own
field information, Dall and Harris applied the name “Hawthorne beds’ for the phosphatic sediments ex-
posed and quarried near Hawthorne, Alachua County. They reproduced sections and descriptions ob-
tained fromn Johnson, Dall and Harris placed the ‘‘Hawthorne beds'' in the ‘‘newer’’ Miocene. Johnson's
Waldo Formation was thought to be in the *‘older” Miocene although Dall and Harris state (p. 111), **Old
Miocene phosphatic deposits - These rocks were among those referred by Johnson to his Waldo forma-
tion, though typical exposures at Waldo belong to the newer or Chesapeake Miocene."” Dall and Harris
placed the ‘‘Hawthorne beds"’ in their ‘‘Chattahoochee group’’ which overlies the Vicksburg Group and
underlies the *‘Tampa group’ (including their **Tampa limestone’* which they felt was younger than the
“Hawthorne beds"). _

The name ‘‘Jacksonville limestone’ was applied by Dall and Harris (1892) to a ‘‘porous, slightly
phosphatic, yellowish rock" first recognized by Smith (1885). They thought the ‘‘Jacksonville limestone™
covered a large area from Duval County to at least Rock Springs in Orange County and included it in the
“newer Miocene'’ above the ‘‘Hawthorne beds.”

Dall and Harris (1892) examined the sediments in the phosphate mining area on the Peace River and
referred to the phosphate-producing horizon as the ‘‘Peace Creek bone bed.” Underlying the producing
zone was & “'yellowish sandy marl’’ containing phosphate grains and mollusk molds which they named
the *‘Arcadia marl." Both units were considered to be Pliocene in age. '

Dall and Harris also named the “‘Alachua clays' stating these clays “‘occur in sinks, gullies, and other
depressions... . They assigned the Alachua clays to the Pliocene based on vertebrate remains.

Matson and Clapp (1909) considered the Hawthorn to be Oligocene following Dall (1896) who began
referring to the ‘‘older Miocene'’ as Oligocene. They considered the Hawthorn to be contemporaneous
with the Chattahoochee Formation of west Florida and the Tampa Formation of south Florida. The
Hawthorn was referred to as a formation rather than ‘‘beds’ without formally making the change or
designating a type section. Matson and Clapp placed the Hawthorn in their *‘Apalachicola group.” Chert
belonging to the ‘‘Suwannee limestone’ was also included in the Hawthorn Formation at this time.

Matson and Clapp (1909) named the ‘‘Bone Valley gravel," replacing the ‘‘Peace Creek bone bed'"’ of
Dall and Marris (1892). They believed, as did Dall and Harris, that this unit was Pliocene. Matson and
Clapp thought that the Bone Valley was predominantly of fluviatile origin and was derived from pre-
existing formations, especially the '‘Hawthorn formation.”” The Bone Valley gravels were believed to be
younger than Dall and Harris’' “'Arcadia mari,” older than the Caloosahatchee marl and in part contem-
poraneous with the ‘‘Alachua clays." '

Veatch and Stephenson (1911) did not use the term ‘‘Hawthorn formation’' in describing the sediments
in Georgia. Instead the sediments were included in the “"Alum Bluff formation’' and described as strata _
lying between the top of the Chattahoochee formation and the base of the Miocene. Overlying their
“Alum Bluff'' sediments was an argillaceous sand that was in places a friable phosphatic sand which
Veatch and Stephenson named the Marks Head marl. The Duplin marl, a coarse phosphatic sand with
shells, overlies the Marks Head or the Alum Bluff when the Marks Head is absent.

Sellards (1910, 1913, 1914, 1915) discussed the lithology of the sediments associated with hard rock
and pebble phosphate deposits. He presented a review of the origins of the phosphate and their relation
to older formations. Sellards (1915) published the section exposed at Brooks Sink in a discussion of the
incorporated pebble phosphates.




Matson and Sanford (1913) dropped the *‘@’’ from the end of Hawthorne (as Dall and Harris had used
it). They state (p. 64), *‘The name of this formation is printed on the map as Hawthorne, the spelling used
in some previously published reports, byt as the geographic name from which it is derived is spelied
Hawthorn, the final *‘e"" has been dropped in the text.”” This began a debate of minor importance that
continues to the present. Currently the Florida Geological Survey accepts the name without the ‘‘e.”

Vaughan and Cooke (1914) established that the Hawthorn is not equivalent to or contemporaneous
with, any part of the Chattahoochee Formation but is essentially equivalent to the *‘Alum Bluft
formation.’’ They suppressed the name Hawthorn and recommended the use of the name '‘Alum Bluff
formation’’ and retained the Oligocene age.

Matson (1915) believed that the “Alum Bluft" (Hawthorn) phosphatic limestones formed the bed rock
beneath the pebble phosphates of central Florida. This unit had previously been called the ‘‘Arcadia
mari’’ (Dall and Harris, 1892). Matson added the sands of the ‘'Big Scrub’ in what is now the Ocala Na-
tional Forest and the sands of the ridge west of Kissimmee (Lake Wales Ridge) to the *'Alum Bluff forma-
tion.”" He thought aiso that the sequence of sediments called the *'Jacksonville formation'’ (formerly the
“Jacksonville limestone’’ of Dall and Harris, 1892) contained units equivalent to the ‘‘Alum Biuff forma-
tion." Matson thought that the '‘Bone Valley gravel” and ‘'Alachua clays' were Miocene. He based this
on the belief that the elevation of the ‘‘Bone Valley gravel’ was too high to be Pliocene.

Sellards (1919) considered the “Alum Bluff”’ to be Miocene rather than QOligocene based on the
vertebrate and invertebrate faunas. He stated (p. 294): "'In the southemn part of the state the deposits
which are believed to represent the equivalent of the Alum Bluff formation are distinctly phosphatic." He
felt that the deposits referred to the **Jacksonville formation’ are lithologically similar to the *‘Alum Bluff''
sediments as developed in south Florida and contain similar phosphatic pebbles. According to Sellards
(1919), phosphate first appears in the Miocene “‘Alum Bluff'* rocks, and the “‘Bone Valley gravels' and
the ‘‘Alachua clays’ represent the accumulation of reworked Miocene sediments.

Mossom (1925, p. 86) first referred the “‘Alum Bluff'' to group status citing *‘The Alum Bluft is now con-
sidered by Miss Gardner as a group... ."" Gardner did not publish this until 1926. Gardner (1926), in rais-
ing the Alum Bluff to a group, also raised the three members, Shoal River, Oak Grove, and Chipola, to
formational status. Mossom (1926) felt the Chipola Formation was the most important and widespread
subdivision of the group. He included the fuller's earth beds in north Florida and the phosphatic sands
throughout the state in this formation. However, the phosphatic sands were generally referred simply to
the Alum Bluft Group. Mossom also believed that the red, sandy clay sediments forming the hills in north
Florida belonged in the Chipola Formation.

The Hawthorn Formation was reinstated by Cooke and Mossom (1929), since Gardner (1926) had rais-
ed the Alum Bluff to group status. Cooke and Mossom (1929) defined the Hawthorn Formation to include
the original Hawthorn “‘beds" of Dall and Harris (1892) excluding the "'Cass/dulus-bearing limestones"
and chert which Matson and Clapp (1909) had placed in the unit. Cooke and Mossom believed the
"‘Cassidulus-bearing limestones’* and the chert should be placed in the Tampa Limestone (which at that
time included strata now assigned to the Suwannee Limestone). They included the ‘‘Jacksonville
limestone'’ and the ‘“Manatee River mari'’ (Dall and Harris, 1892) in the Hawthorn even though they felt
the faunas may be slightly younger than typical Hawthorn. They also included Dall and Harris' *‘Sop-
choppy limestone" in the Hawth~rn. Cooke and Mossom felt that a white to cream-colored, sandy
limestone with brown phosphate grains was the most persistent component of this unit.

Stringfield (1933) provided one of the first, although brief, descriptions of the Hawthorn Formation.in
central-southern Florida. He noted that the Hawthorn contained more limestone in the lower portion
toward the southern part of his study area.

Cooke (1936) extended the Hawthorn Formation as far northeastward as Berkeley County, South
Carolina. Cooke (1943, p. 90) states, *‘The Hawthorn Formation underlies an enormous area that stret-
ches from near Arcadia, Florida, to the vicinity of Charleston, South Carolina."” Cooke (1945) discussed
the Hawthorn and its occurrence in Florida. The only change suggested by Cooke (1945, p. 192) was to
tentatively include the Jacksonville Formation of Dall and Harris (1892) into the Duplin Marl rather than in
the Hawthorn as Cooke and Mossom (1928) had done. Cooke (1945) also believed that the Apalachicola




River was the western boundary of the Hawthorn,

Parker and Cooke (1944) mvestngated the surface and shallow subsurface geology of southernmost
Florida. The plates accompanying their“report showed the Hawthorn Formation ranging from -10 feet
MSL (-3 meters) to -120 feet MSL (-37 meters) overiain by the Tamiami Formation, Caloosahatchee Marl,
and Buckingham Marl. Parker (1951) reassigned the upper sequence of Hawthorn sediments to the
Tamiami Formation based on his belief that the fauna was Late Miocene rather than Middle Miocene.
This significantly altered the concept of Manstield's (1939) Tamiami Limestone and of the Hawthorn in
southern Florida. Parker et al. (1955) continued this concept of the formations. .

Cathcart (1950) and Cathcart and Davidson (1952) described the Hawtho:n phosphates, their relation-

ship to the enclosing sediments and the lithostratigraphy. Also mentioned is the variation in lithologies
and thickness of the Hawthorn within the land pebble district. An excellent description of the Bone Valley
Formation was presented by Cathcart (1950).
. Vernon (1951) published a very informative discussion of the Miocene sediments and associated pro-
blems. Beyond providing data on the limited area of Citrus and Levy Counties, Vernon provided a propos-
ed geologic history of Miocene events. He believed that the Alachua Formation was a terrestrial facies of
the Hawthorn and also was, in part, younger than Hawthorn.

Puri (1953) in his study of the Flordia panhandle Miocene referred to the Middle Miocene as the Alum
Bluff Stage. He considered the Hawthorn to be one of the four lithofacies of the Alum Bluff Stage.

Yon (1953) investigated the Hawthorn between Chattahoochee in the panhandle and Ellaville on the
Suwannee River. Yon included in the Hawthorn the sand and clay unit that was later formally placed in
the Miccosukee by Hendry and Yon (1967).

" Bishop (1956), in a study of the groundwater and geology of Highlands County, Florida, conciuded that
the “‘Citronelle™ sands which overlie the Hawthorn graded downward into the Hawthorn. He suggested
that these sands be included in the Hawthorn as a non-marine, continental facies deposited as a delta to
a large river which existed in Florida during the Miocene.

Pirkle (1956 a, 1956 b, 1957) discussed the sediments of the Hawthorn Formation from Alachua Coun-
ty, Florida. He considered the Hawthorn as a unit of highly variable marine sedime:its which locally con-
tained important amounts of phosphate. He also regarded the sediments of the Alachua Formation as
terrestrial reworked sediments ranging from Lower Miocene to Pleistocene. Later studies by Pirkle,
Yoho, and Allen (1965) and Pirkle, Yoho, and Webb (1967) characterized the sediments of the Hawthorn
and Bone Valley Formations.

The interest of the United States Geological Survey in the Hawthorn and Bone Valley Formations for
their economic deposits of phosphate and related uranium concentrations resulted in a number of
publications including Bergendal (1956), Espenshade (1958), Carr and Alverson (1959), Cathcart and
McGreevy (1959), Ketner and McGreevy (1959), Cathcart (1963 a, b; 1964; 1966), Espenshade and
Spencer (1963), and Altschuler, Cathcart, and Young (1964). With the exception of Espenshade (1958)
and Espenshade and Spencer (1963), the studies investigated the strata in the Central Florida
Phosphate District and adjacent areas. Espenshade (1958) and Espenshade and Spencer (1963) con-
ducted investigations in north Florida.

Goodell and Yon (1960) provide a discussion of the lithostratigraphy of the post-Eocene rocks from
much of the state. They provide 2 regional lithostratigraphic view of the Miocene sediments in Florida.

The occurrence of magnesian (Mg) rich clays (palygorskite) within the Hawthorn Formation has been
investigated by several authors. McClellan (1964) studied the petrology and occurrence of the palygor~
skite (attapulgite). Gremillion (1865) investigated the origin of the clays. Ogden (1978) suggested deposi-
tional environments and the mode of formation of the clays.

Puri and Vernon (1964) summarized the geology of the Hawthorn. They discussed the status of the
knowledge of the Hawthorn but added very little new information. _
Brooks (1966, 1967) suggested that the Hawthorn should be raised to group status in the future. He
further discussed the existence of the Hawthorn across the Ocala Uplift and its subsequent erosional
removal. Brooks believed Middle Miocene strata were absent from the Ocala Uplift but were present

downdip from the arch. He felt that Lower Miocene beds were present on the arch.




Sever, Cathcart, and Patterson (1967) investigated the phosphate resources and the associated
stratigraphy of the Hawthorn Formation in northern Florida and southern Georgia.

Riggs (1967) sugbested raising the Mawthorn Formation to group status based on his research in the
phosphate district. The rocks of Riggs’ ‘'Hawthorn group'' were related by containing greater than one
percent phosphate grains. The Bone Valley Formation was included as the uppermost unit of the group.
Riggs and Freas (1965) and Freas and Riggs (1968) also discussed the stratigraphy of the central Florida
phosphate district and its relation to phosphorite genesis.

The geology and geochemistry of the northern peninsular Florida phosphate deposits were in-
vestigated by Williams (1971). Clark (1972) investigated the stratigraphy, genesis and economic potential
of the phosphorites in the southern extension of the Central Florida Phosphate District.

Weaver and Beck (1977) published a wide ranging discussion of the Coastal Plain Miocene sediments
in the southeast. Emphasis was placed on the depositional environments and the resulting sediments,
particularly the clays.

Wilson (1977) mapped the Hawthorn and part of the Tampa together. He separated the upper Tampa,
termed the Tampa Limestone unit, from the lower ‘‘sand and clay" unit of the Tampa Limestone.

Missimer (1978) discussed the Tamiami-Hawthorn contact in southwest Florida and the inherent pro-
blems with the current stratigraphic nomenclature. Peck et al. (1979) believed that the definition of the -
Tamiami by Parker et al. (1955) added to the previously existing stratigraphic problems. Hunter and Wise
(1980 a, 1980 b) also addressed this problem suggesting a restriction and redefinition of the Tamsama
Formation.

King and Wright (1979) in an effort to alleviate some of the stratigraphic problems associated with the
Tampa and Hawthorn formations redefined the Tampa and erected a type section from a core at Ballast
Point. Their redefinition restricted the Tampa to the quartz sandy carbonates with greater than 10 per-
cent quartz sand and less than 1 percent phosphate grains. King (1979) presented a discussion of the
previous investigations of the Tampa to which the reader is referred. The discussion is not repeated here.

Riggs (1979 a, 1979 b; 1980) described the phosphorites of the Hawthorn and their mode of deposition.
Riggs (1979 a) suggested a model for phosphorite sedimentation in the Hawthorn of Florida.

Scott and MacGill (1981) discussed the Hawthorn Formation in the Central Florida Phosphate District
and its southern extension. Scott (1983) provided a lithostratigraphic description of, the Hawthorn in
northeast Florida. Both studies were in cooperation with the United States Bureau of Mines.

T.M. Scott (1981) suggested the Hawthorn Formation had covered much of the Ocala Arch and was
subsequently removed by erosion. Scott (1982) designated reference cores for the Hawthorn Formation
and compared these to the reference localities previously designated. Scott's (1982) discussion was
limited to the northeastern part of the state.

Cyclic sedimentation in the sediments of the Hawthorn was proposed by Missimer and Banks (1982).
Their study suggested that reoccurring sediment groups occurred within the formation in Lee County.
Also Missimer and Banks foliowed the suggestions of Hunter and Wise (1980 a, 1980 b) in restricting the
definition of the Tamiami. This is also the case in Wedderburn et al. (1982).

Hall (1983) presented a description of the general geology and stratigraphy of the Hawthorn and adja-
cent sediments in the southern extension of the Central Florida Phosphate District. An excellent discus-
sion of the stratigraphy and vertebrate paleontology of this area was provided by Webb and Cnssmger
(1983). -

Silicification of the Miocene sediments in Florida has been the focus of a number of studles Strom Up-
church and Rosenweig (1981), Upchurch, Strom and Nuckles (1982), and McFadden, Upchurch, and
Strom (1983) discussed the origin and occurrence of the opaline cherts in Florida. Related to the cherts
are palygorskite clays that were also dlscussed in these papers and by Strom and Upchurch (1983,
1985).

There have been a number of theses completed on various aspects of the Hawthorn Group. These in-
clude McCiellan (1962), Reynolds (1962), Isphording (1963), Mitchell (1965), Assefa (1969), Huang
(1977), Liu (1978), King (1979), Reik (1980), Leroy (1981), Peacock (1981), and McFadden (1982).

Many water resource investigations include a section on the Hawthorn Formation but do not add new
geologic or stratigraphic data. These are not included here.
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GEOLOGIC STRUCTURE

The geologic structlres of peninsular Fforida have played an important role in the geologic history of
the Hawthorn Group. These features affected the depositional environments and the post-depositional
occurrence of the Hawthorn sediments. Due to the nature of the Tertiary sediments in peninsular Florida,
it is difficult to ascertain a true structural origin for some of these features. Depositional and erosional
processes may have played a role in their development.

The most prominent of the structures in peninsular Florida is the Ocala Platform (often referred to as
Ocala Arch or Uplift) (Figure 4). The term platform rather than uplift or arch is preferred here since it does
not have a structural connotation.

Originally named the Ocala Uplift by O.B. Hopkins in a 1920 U.S. Geological Survey press release, this
feature was formally described by Vernon in 1951. Vernon described it as a gentle flexure developed in
Tertiary sediments with a northwest-southeast trending crest. He believed that the crest of the platform
has been flattened by fauiting. Vernon (1951) dated the formation of the uplift as being Early Miocene
based on the involvement of basal Miocene sediments in the faulting and the wedging out of younger
Miocene sediments against the flanks of the platform. Cooke (1945) thought that warping began prior to
the Late Eocene and continued into the Late Miocene or later. Ketner and McGreevy (1959) suggested
that the platform formed prior to Late Miocene since undeformed beds of Late Miocene overlie warped
beds of the Ocala Platform. Cooke (1945), Espenshade and Spencer (1963) and T.M. Scott (1981) believ-
ed that the Hawthorn once covered most or all of the Ocala Platform. Vernon (1951) believed the Platform
was an island area throughout much of the Miocene and the Hawthorn sediments did not extend across
the structure. Brooks (1966) believed the feature formed prior to the early Late Miocene. He also agrees
with Pirkle (1956 b) that the Hawthorn once extended across the platform.

Riggs (1979 a, b) stated that the Ocala Upland (his term for the Ocala Platform) was a major structural
feature controlling the formation and deposition of the phosphorites in the Fiorida Miocene.

The Sanford High is another important positive feature in the northern half of peninsular Florida
(Figure 4). Vernon (1951) proposed the name for a feature located in Seminole and Volusia Counties,
Florida. He describes the feature as ‘'a closed foid that has been faulted, the Sanford High being located
on the upthrown side."” The Hawthorn Group and the Ocala Group are missing from the crest of the San-
ford High. The Avon Park Formation lies immediately below post-Hawthorn sediments. The missing sec-
tion presumably was removed by erosion. Meisburger and Field (1976), using high-resolution seismic
reflection profiling, identified a structural high offshore from Daytona Beach in Volusia County and sug-
gested that this feature may be an offshore extension of the Sanford High. Meisburger and Field believed
that the seismic evidence indicated uplift that ended prior to Pliocene time. Vernon (1951) believed the
feature to be a pre-Miocene structure. Riggs (1979 a, b) considered the Sanford High the *‘other positive
element of extreme importance" in relation to phosphorite deposition.

Extending from the Sanford High are the St. Johns Platform to the north and the Brevard Platform to
the south (Figure 4). Both are low, broad ridges or platforms expressed on the erosional surface of the
Ocala Group. The St. Johns Platform plunges gently to the north-northwest towards the Jacksonvilie
Basin. The Brevard Platform plunges gently to the south southeast and southeast. The names of both
features were introduced by Riggs (1979 a, b).

The Jacksonville Basin, located in northwest Florida, is the most prominent low in the northern half of
the peninsula. In the deepest part of the basin the Hawthorn Group sediments exceed 500 feet (150
meters) in thickness. The name Jacksonville Basin was first used by Goodell and Yon (1960). Leve (1965)
believed the basin was at least in part fault controlled.

Previously, many authors included the Jacksonville Basin in the Southeast Georgia Embayment. As
more data became available it became apparent that an eastward dipping positive feature, informaily

_nhamed the Nassau Nose (Scott, 1983), separated the Jacksonville Basin from the rest of the Southeast
Georgia Embayment. The Jacksonville Basin should still be considered as a subbasin of the larger em-
bayment. The Southeast Georgia Embayment was named by Toulmin (1955) and appears to have been
active from Middle Eocene through Miocene time (Herrick and Vorhis, 1963).
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The Guit Trough or Channel extends from the Southeast Georgia Embayment to the Apalachicola Em-
bayment (Figure 4). It is the Miocene expression of the older Suwannee Straits. The Suwannee Straits ef-
fectively separated the:siliciclastic taciesto the north from the carbonate facies to the south during the
Early Cretaceous. The Gulf Trough was nearly full of sediments by the Late Oligocene and Early Miocene
time, allowing increasing amounts of siliciclastic material to invade the carbonate environments of the
peninsular area. Schmidt (1984) provided an excellent discussion of the history of both the Suwannee
Strait and the Apalachicola Embayment. -

In central peninsular Fiorida between the southern end of the Ocala Platform and the Brevard Platform
are two important features in relation to the Hawthorn Group. The Osceola Low and the Kissimmee
Faulted Flexture (Figure 4) were both named by Vernon (1951). Vernon considered the Kissimmee
Faulted Flexure to be ‘‘a fault-bounded, tilted, and rotated block'* with ‘‘many small folds, faults, and
structural irregularities.” His “flexure” is actually a high on the Avon Park surface with the Ocala and
Hawthorn Groups absent over part of it due to erosion.

The Osceola Low, as described by Vernon (1951), is a fault-bounded low with as much as 350 feet (106
meters) of Miocene sediments. This author has investigated the Osceola Low using cores, well cuttings
and geophysical data (Florida Geological Survey, unpublished data). The data does not indicate the
presence of a discrete fauit. They do suggest a possible flexure or perhaps a zone of displacement with
“up’’ on the east, ‘'down’’ on the west. This zone also appears to be the site of increased frequency of
karst features developed in the Ocala Group limestone. Scott and Hajishafie (1980) indicated that the
Osceola Low trends from north-south to northeast-southwest. ;

The Okeechobee Basin as named by Riggs (1979 a, 1979 b) encompasses most of southern Florida
(Figure 4). It is an area where the strata generally gently dips to the south and southeast. Pressler (1947)
referred to this area as the South Florida Embayment stating that its synclinal axis plunged towards the
Gulf (to the southwest and/or west). Since this differs significantly from the Okeechobee Basin, the term
Okeechobes Basin is preferred and utilized in this study. Within the basin there have been postulated
episodes of faulting (Sproul et al., 1972) and folding (Missimer and Gardner, 1976).

INTRODUCTION TO LITHOSTRATIGRAPHY

The Hawthorn Group has long been considered a very complex unit. Puri and Vernon (1964) declared
the Hawthorn ‘‘the most misunderstood formational unit in the southeastern United States.' They further
considered it as ‘‘a dumping ground for alluvial, terrestrial, marine, deltaic, and pro-deltaic beds of
diverse lithologic units... ."" Pirkle (1956b) found the dominant sediments to be quite variable stating,
“The proportions of these materials vary from bed to bed and, in cases, even within a few feet both
horizontally and vertically in individual strata."

HAWTHORN FORMATION TO GROUP STATUS: JUSTIFICATION,
RECOGNITION AND SUBDIVISION IN FLORIDA

Formational status has been applied to the Hawthorn since Dall and Harris named the ‘‘Hawthorne
beds" in 1892. As is evident from the Previous Investigations section, there has been much confusion
concerning this unit. The complex nature of the Hawthorn caused many authors to suggest that the
Hawthorn Formation should be raised to group status although none formally did so (Pirkie, 1956b;
Espenshade and Spencer, 1963; Brooks, 1966, 1967; Riggs, 1967). The Hawthorn was referred to as a
group in Georgia for several years on an informal basis until Huddlestun (in press) formalized the status
change in the southeastern United States, recognizing its component formations in Georgia. The
recognition of formations within the Hawthorn Group in Florida is warranted due to the lithologic com-
plexity of the sediments previously referred to as the Hawthorn Formation. The extension of several
Georgia units into Florida and the creation of new Florida units is based on the expectation that Hud-
dlestun will validly publish the status change from formation to group. If he fails to do so, this text will be
amended to validate the necessary changes in the proper manner according to the North American Code
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of Stratigraphic Nomenclature (1983).

An original type locality for the Hawthorn Group was not defined within the limits of our present
stratigraphic code. Hqwever, it appears that Dall and Harris' (1892) intention was to use the old Simmons
pits near Hawthorne in Atachua County as the type locality (holostratotype). The other sections referred
to by Dali and Harris (1892) at Devil's Milthopper, Newnansville well, and White Springs were reference
sections. The old Simmons pit is no longer accessible indicating the need for a new type locality
(neostratotype). The Hawthorne #1 core W-11486, located in Alachua County drilled in the vicinity of the
old Simmons pit should fill this gap. As such the Hawthorne #1 core is designated as a neostratotype or
replacement (accessible) type section for the Hawthorn Group. )

Although many authors have agreed that the Hawthorn deserves group status, questions remain. What
should be included in the group and what should be the stratigraphic status of the units (i.e., formations
with or without members)? The approach used in this study has been to identify lithostratigraphic units
within the study area, determine their areal extent and thickness and, based on these findings, assign a
formational status where appropriate. Having done that, as detailed subsequently in this report, the
Hawthorn Formation of Florida is herein raised to group status. Its formations are described and type
sections or cores are designated in accordance with the North American Stratigraphic Code (North
American Commission on Stratigraphic Nomenclature (NACSN), 1983). Utilizing the group concept will
enable geologists to better understand the framework of the Miocene sediments in Florida and much of
the southeastern Coastal Plain. '

The sediments placed in the Hawthorn Group are related by the occurrence of phosphate, a palygor-
skite-sepiolite-smectite clay mineral suite and the mixed carbonate-siliciclastic nature of the entire se-
quence. Color, particularly in the siliciclastic portions, is often distinctive in the sediments of this group.
In some regions and in specific intervals, lithologic heterogeneity provides a diagnostic trait of the
Hawthorn Group.

The component formations of the Hawthorn Group vary from region to region within the State. The
variation is the resulit of the depositional and environmantal controls exerted on the Hawthorn sediments
by features such as the Ocala Platform, the Sanford High, the St. Johns Piatform, and the Brevard Plat-
form. The variation in component formations of a group is discussed in and accepted by the North
American Commission on Stratigraphic Nomenclature (Article 28b, North American Stratigraphic Code,
1983).

The name Hawthorn is retained for the group since the group represents a series of units that had been
recognized as the Hawthorn Formation. Only a few changes (additions) are proposed in this report that
alter the overall boundaries of the former Hawthorn Formation. Due to its wide use and acceptance, drop-
ping the term Hawthorn and providing a new group name would cause unnecessary confusion.

Once the lithostratigraphic units were determined, names were selected for the respective sections.
These are listed in Table 1 along with reference to the original author. When possible, names currently in
use, or proposed in a bordering State (Georgia), were used in Fiorida. Examples of these are the Marks
Head, Coosawhatchie and Statenville Formations currently recommended for use in Georgia (Hud-
dlestun, in press). Where a sediment package exhibited significant variation in Florida from the

_equivalent unit in Georgia, & new name is proposed (i.e., the Penney Farms Formation).

In the eastern panhandle the name Torreya Formation is used since it is already in the literature (Banks
and Hunter, 1973; Huddlestun and Hunter, 1982; Hunter and Huddlestun, 1982; Huddlestun, in press)
and there is insufficient evidence to suggest any changes. Future research, however, may suggest tur-
ther changes.

The names of the formational units of the Hawthorn Group in southern Florida were selected based on
historical perspective and current usage. The name Arcadia Formation is reintroduced for the Hawthorn
carbonate unit. The use of Arcadia is similar to the use suggested by Riggs (1967). Two members are
named in the Arcadia, the Tampa Member and the Nocatee Member. These members do not comprise
the entire Arcadia but only represent the lower Arcadia where they are identifiable.

The Tampa Member represents a reduction in status for the Tampa from formation to member. Since
this reduction represents only a minor alteration of the Tampa definition and since the name Tampa is
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widely used and.recognized, a new name is not suggested for this member. The most prominent reasons
for reducing the Tampa to member status ig the limited area of recognition and its lithologic affinities with
the rest of the Arcadia Formation of the Hawthorn Group.

A new name, the Peace River Formation, is proposed for the upper Hawthorn siliciclastic section, in-
cluding the Bone Valley Formation of former usage. The Bone Valley Formation is reduced to member
status and the name is retained for the same reasons discussed for the Tampa Member. There has been
some discussion and disagreement concerning including the entire Bone Valley in the Hawthorn Group
due o the presence of a major, Late Miocene unconformity. This unconformity separates the upper
gravel bed of the Bone Valley from the remainder of the unit and often is recognizable only on a
biostratigraphic basis using vertebrate faunas. The unconformity is generally not recognized on a
lithostratigraphic basis. The North American Stratigraphic Code (NACSN, 1983) recognizes this pro-
blem. Article 23d states *...a sequence of similar rocks may include an obscure unconformity so that
separation into two units may be desirable but impractical. If no lithic distinction adequate to define a
widely recognizable boundary can be made, only one unit should be recognized, even though it may in-
clude rock that accumulated in different epochs, periods or eras (NACSN, 1983)."

The formations of the Hawthorn Group are similar yet different in northern and southern Florida and in
the eastern panhandle. Also, within southern Florida, the group varies from east to west. As a result the
discussion of the Hawthorn will be presented separately for northern and southern Florida and the
eastern Florida panhandle (Figure 1). :

PRESENT OCCURRENCE

The Hawthorn Group underlies much of peninsular Florida (Figures 5 and 6). It is absent from most of
the Ocala Platform and Sanford High due to erosion. Outliers of Hawthorn sediments and residuum oc¢-
cur scattered along the platform in lows and in some karst features. The Hawthorn Group sediments are
also absent from part of Vernon's (1951) Kissimmee Faulted Flexure in Osceola County presumably due
to erosion.

The Hawthorn Group dips gently away from the Ocala Platform and Sanford High at generally less than
6 feet per mile (1.1 meters per kilometer) (Figure 5). In north Florida, the Hawthorn dips generally to the
east and northeast towards the Jacksonville Basin and the east coast. Locally the dip may become
greater and may reverse in some areas. This is due to postdepositional movement related to karst activi-
ty, subsidence, possible faulting, and tilting of the platform. Scott (1983) indicated this on structure maps
of the Ocala Group (p. 29) and the Hawthorn Formation (p. 32).

In central and south Florida the Hawthorn Group dips gently to the south and southeast with local
variations (Figure 5). Generally, further south in the state the dip is more southeasterly. The strata dip to
the west and southwest along the western edge of the state from Pasco County south to Lee County.

The Hawthorn Group ranges in thickness from a feather edge along the positive features to greater
than 500 feet (160 meters) in the Jacksonville Basin and greater than 700 feet (210 meters) in the
Okeechobee Basin (Figures 4 and 6). The Hawthorn generally thickens to the northeast in north Floricz
toward the Jacksonville Basin and southward into the Okeechobee Basin (Figure 6).

NORTH FLORIDA

AINTRODUCTION
The Hawthorn Group in Florida, north of Orange County and west through Hamiiton County, has
distinct affinities to the Hawthorn in Georgia. The sediments of the upper two-thirds of the group are very

similar to those in Georgia, facilitating the use of the same terminology in both states. The basal one-third
of the group changes significantly into Florida and, therefore, a new formational name is proposed.
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- UPPER CONFINING UNIT

Over much of the study ares, the Floridan aquifer
'system is overlain by an upper confining unit that
‘consists mostly of clastic rocks but locally contains
much low-permeability limestone and dolomite in its
lower parts. In places, the upper confining unit has
been removed by erosion, and the Floridan either crops
out or is covered by only a thin veneer of permeable
sand that is part of the surficial aquifer. Because the
lithology and thickness of the upper confining unit are
highly variable, the unit retards the vertical movement
of water between the surficial aquifer and the Floridan
aquifer system in varying degrees. Where the upper
confining unit is thick or where it contains much clay,
leakance through the unit is much less than where it is
thin or highly sandy. In these thick or clay-rich areas,
therefore, water in the surficial aquifer moves mostly
laterally and is discharged into surface-water bodies
rather than moving downward through the upper con-
fining unit (when the head differential is favorable) to
recharge the Floridan aquifer system.* ‘.

The upper confining unit may be breached locally by
sinkholes and other openings that serve to connect the
Floridan aquifer system directly with the surface.
These sinkholes are for the most part found where the
thickness of the upper confining unit is 100 ft or less.
They appear to result from the collapse of a relatively
thin cover of clastic materials into solution features
developed in the underlying limestone of the Floridan
aquifer system rather than from the solution of lime-
- stone beds within the upper confining unit itself. The
upper confining unit is generally more sandy where it
is less than 100 ft thick because these relatively thin
areas represent upbasin depositional sites where coars-
er clastic rocks were laid down. Plate 25 shows the
extent and thickness of the upper confining unit. The
maximum measured thickness of the unit is about
1.890 ft in well ALA-BAL-30 in Baldwin County, Ala.
The maximum contoured thickness is 1,900 ft. Plate
25 also shows areas where water in the Floridan aqui-
fer system occurs under unconfined, thinly confined
(thickness of upper confining unit between 0 and 100
ft), and confined conditions.

The upper confining unit includes all beds of late
and middle Miocene age, where such beds are present.
Locally, low-permeability beds of post-Miocene age are
part of the upper confining unit. Over most of the
study area, middle Miocene and younger strata consist
of complexly interbedded, locally highly phosphatic
sand. clay, and sandy clay beds, all of which are of low
permeability in comparison with the underlying lime-
stone of the Floridan aquifer system. Locally, low-
permeability carbonate rocks that are part of the lower
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Miocene Tampa Limestone or of the Oligocene Suwan-
nee Limestone are included in the upper confining unit.
Very locally, in the West Palm Beach, Fla, area, the
uppermost beds of rocks of late Eocene age are of low
permeability and are included in the upper confining
unit. :
Parker and others (1955) and Stringfield (1966)
included basal beds of the Hawthorn Formation in
their Floridan and principal artesian aquifers where

-those beds are permeable. In a few isolated cases (for

example, in Brevard County, Fla.), the lowermost.

Hawthorn strata are indeed somewhat permeable, but

their permeability is considerably less than that of the

underlying Floridan aquifer system, as Parker and

others (1955, p. 84) recognized. Locally, in parts of
southwestern Florida (Sutcliffe, 1975; Boggess and

O’Donnell, 1982) and west-central peninsular Florida

(Ryder, 1982), permeable zones within the Hawthorn
Formation are an important source of ground water
over a one- or two-county area. Although some of
these permeable zones are limestones, their transmis.
sivity is at least an order of magnitude less than that-
of the Floridan aquifer system, and they are separated
from the main body of permeable limestone (Floridan)
by thick confining beds. Because of their limited areal
extent, relatively low permeability, and vertical sepa-
ration from the Floridan aquifer system practically
everywhere, water-bearing Hawthorn limestones are
excluded from the Floridan in this report.

Where the limestone and dolomite of the Floridan
crop out, & clayey residuum may form over the carb-
ate rocks as a result of chemical weathering that
dissolves the carbonate minerals and concentrates
trace amounts of clay that are in them. Such resi-
dumm is particularly well developed in the Dougherty:
Plain area of southwestern Georgia (Hayes and others,
1983). Although this residuum is a low-permeability
material and may. very locally form a semiconfining
layer above the limestone, it is usually thin and lateral-
ly discontinuous. Accordingly, the clayey residuum is
not included in this report as part of the upper confin-
ing unit of the Floridan aquifer system.

Because the rocks that comprise the upper confining
unit vary greatly in lithology, are complexly interbed-
ded, and for the most part are of low permeability,
little is known about their hydraulic characteristics.
Where clay beds are found in the Hawthorn Forma- -
tion, they are usually very effective confining beds.
Vertical hydraulic conductivity values for Hawthorn
clays, as established from core analysis and from
aquifer tests, range from 1.5 X 102 ft/d (Hayes, 1979)
to 7.8 X 107 fud (Miller and others, 1978). Where
sandy beds of the Hawthorn comprise a local aquifer.
transmissivity values for the sand range as high as




about 13.000 ft2/d (Ryder, 1982). Hawthorn limestone
beds that are local squifers yield up to 750 gai/min
{Boggess, 1974).

FLORIDAN AQUIFER SYSTEM

GENERAL

The Floridan aquifer system is a thick sequence of
carbonate rocks generally referred to in the literature
as the “Floridan aquifer” in Florida and the *principal
artesian aquifer” in Georgia, Alabama, and South
Carolina. As defined in this report, the Floridan aqui-
fer system encompasses more of the geologic section
and extends over a wider geographic area than either
the Floridan or the principal artesian aquifer, as those
aquifers have been described in the literature. Figure 7
shows the geologic formations in Florida and south-
eastern Georgia that were called “principal artesian
formations” by Stringfield (1936), thoee that were
included in the “Floridan aquifer” as defined by Parker
and others (1955), and those placed in the “principal
artesian aquifer’ as defined by Stringfield (1966).
Subsequent deep drilling and hydraulic testing have
‘shown that highly permeable carbonate rocks extend
to deeper stratigraphic horizons than those included in
either the “Floridan” or “principal artesian” aquifers
as originally described. Accordingly, this author (cited
by Franks, 1982) extended the base of the Floridan
aquifer downward to include part of the upper Cedar
Keys Limestone ifig. 7). Limestone and dolomite beds
that commonly occur at the base of the Hawthorn
Formation have been included as part of the
‘Floridan” or “principal artesian® aquifer in most
previous reports. However, data collected for the pre-
sent study show that, except very locally, there are no
high-permeability carbonats rocks in the lower part of
the Hawthorn Formation that are in direct hydraulic
contact with the main body of the Floridan aquifer
system. _

The Hawthorn Formation was thus excluded from
the aquifer system in & report by Miller (1982a) that
was one of & seriee of several interim reports published
during the present study. In these interim reports, the
aquifer system was called the “Tertiary limestons
aquifer systam of the Southeastern United States.”
This cumbersome. albeit more sccurats, terminology
has subsequently been abandoned. and the aquifer
system is referred to in this professional paper as the
;985.1‘ . douﬂad'hi(::r:ofth. bty

or & mare terminology
applied to the aquifer system).

The Floridan aquifer system is defined in this report
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as a vertically continuous sequence of carbonate rotks
of generally high permeability that are mostly of mid-
dle and late Tertiary age and hydraulically connected
in varying degrees and whose permeability is, in gener
al. an order to several orders of magnitude greater than
that of those rocks that bound the system sbove and
below. As plate 2 shows. the Floridan aquifer system
includes units of late Paleocene to early Miocene age.
Very locally, in the Brunswick, Ga., aresa, the entire
Paleocene section plus a thick sequence of rocks of
Late Cretaceous age are part of the aquifer system. In
and just downdip of the area where the aquifer system
crops out, the entire system consists of one vertically
continuous permeable unit. Farther downdip, less
permeable carbonate units of subregional extent sepa-
rate the system into two aquifers, herein called the
Upper and Lower Floridan aquifers (fig. 8). These less
permeable units may be very leaky to virtually non-
leaky, depending on the lithologic character of the rock
comprising the unit. Because they lie at considerable
depth, the hydrologic character and the importance of
the subregional low-permeability units are known from
only a few scattered deep test wells. Local low-
permeability zones may occur within either the Upper

-
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or the Lower Floridan squifer. In places (for example,
southeastern Florida), low-permeability rocks account
for slightly more than half of the rocks included in the
aquifer system.

Even though the rocks that comprise the base of the
Upper Floridan squifer are not everywhere at the same
altitude or geologic horizon or of the same rock type,
the presence of a middle confining unit over about
two-thirds of the study ares has led to a conceptual
model for the Floridan aquifer system that consists of
two active permeable zones (the Upper and Lower

Floridan aquifers) separated by a zone of low permea- |

bility (a middle oonﬁmng unit). Because of this simpli-
fied layering scheme, it is necessary to greatly general-
ize the highly complex sequence of high- and low-
permeability rocks that comprise the aquifer system.
Local confining beds (see, for example, cross section
E-E’, pL 21) are either disregarded because they are
regionally unimportant or lumped with one of the
major layers. The purpose of the conceptual model,
and of the digital computer model derived from it and
described by Bush and Johnston (1985) is to portray
the major aspects of ground-water flow within the
Floridan aquifer system. In like manner, the descrip-
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tioa of ‘Hi squifer system's geohydrologic framework

in thig 1gp +'is intended to show the principal varis-
Homs 10 fermeability within the aquifer system. In
¢M483 Jocal anomalies that do not £t with overall

(regionaj .\ ditions are ignored.

most '”B.ally. the top of the Floridan aquifer system in
tSquﬁ Afes lies st the top of rocks of Oligocene age
pquﬁ Limestone) where these strata are
aquifi;qa' Where Oligocene rocks are absent, the
Eoceng {}stem’s top is generally st the top of upper
panhap bcks (Ocala Limestone). Locally, in eastern
Floridg & Florida and in westcentral peninsular
are Nli beks of early Miocene age (Tampa Limestone)
the aq|y permeable and hydraulically connected to
lower r system. In places, upper Eocene through
sion of e rocks are either missing owing to ero-
places Ysndeposition or of low permeability; at these
mar.io;'"(&k’ of middle Eocene age (Avon Park For
importy thark the top of the aquifer system. It is
upper 4t to note that there are some places where the
of mqpqﬂ of a given formation that comprises the top
rocks. Aduifer system consists of low-permeability
excluc At such places, the low-permeability beds are
wu‘é"i from the aquifer system, and the top of the
bjgh_p'ﬂconsideredwbethotopéfthnuppcmoot

"Hheability carbonate rock. The top of the sys-

. :‘: ‘.‘t‘ﬂ. may lie within a stratigraphic unit rather
£ betweg its top. Because the permeability contrast
& unit o) the aquifer system and its upper confining

4()“ not everywhere follow stratigraphic hori-

z&:ﬁ“‘.i&u does the top of the aquifer system.
% within 5%, the top of the aquifer system may locally lie
S5 stone G‘ limestone unit if the upper part of the lime-
Y2 part “Haists of low-permeability rock and the lower
% Thz hi&hly permeable. . _ :
8% bnark ”“ﬁm-stntignphic units or parts of units that
% ocaliti. © WP Of the Floridan aquifer system at selected
lUnits t\'u.\-vpshovurninﬁg-\xre9.a.nrnllnt.hol:ixm-rc»':.k
quiferk“ comprise the Upper and Lower Floridan
"ql;hdtheuniuthnmeonddundwmt
1 M&ersysum'cbm Figure 9 shows a series of
Wl gy chronostratigraphic columns compiled from
#ith ¢} A at several locations in the stady area, along
iy ility characteristics of each chronoe-
ic unit at each location. Examination of this
N §ows-r.hnt. in addition to the variations in the
r. base cf the aquifer system. the degree of
Wty varies greatly within the system. Generally

] » o middls confining unit exists (for

4 ' “tg; Baxley, Ga. and Gainesville, Fla., col
N . 9), and the aquifer system is highly

‘“ﬁﬂo throughout its vertical extent. In other
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places, thick sequences of low-permeability rock occur
at several levels within the aquifer system (for exam.
pls, the Savannah, Ga, and West Palm Beach, Fla,
areas in fig. 9), and the several discrete permesble
zones of the system may be hydraulically separated.

Regionally, and in a fashion similar to the way in
which the top is defined, the base of the aquifer system
is defined as the level below which there is no high-
permeability carbonate rock. The base of the system is
generally either (1) glauconitic, calcareous, argillaceous
to arenaceous rock that ranges in age from late Eocene
to late Paleocene (fig. 9) or (2) massively bedded anhy-
drite that commonly occurs in the lower two-thirds of
the Paleocene Cedar Keys. Formation. Locally, near
Brunswick, Ga.. micritic limestone and argillacecus
limestone of Late Cretacecus (Tayloran) age mark the
bass of the aquifer systam. The permeability of the
micritic and argillaceous carbonate rocks, the anhy- .
drite beds, and the various clastic rocks that comprise
the base of the system is much less than that of the
carbonate rocks above. Regardless of its lithologic
character, the lower confining unit, whose top is
mapped in this report as the base of the aquifer sys-
tem, everywhere separates the system from deeper,
predominantly clastic aquifers of early Tertiary and
Late Cretaceous age.

The upper confining unit of the Floridan aquifer
system generally consists of rocks of middle and late
Miocene age. Where older rocks such as the lower
Miocene Tampa or Oligocene Suwannee Limestones
are of low permeability, they are also included in the
upper confining unit. In parts of the study area, the
upper confining unit has been removed by erosion and
the aquifer system either: crops cut, is covered by only
a surficial sand aquifer, or is covered very locally by
clayey residuum. Hydraulic conditions within the aq-

fined. Where thick sequences of less permesble rocks
of subregional extent are present within the squifer
system, they divide it into two major aquifers. The
uppermost squifer (Upper Floridan) generally consists
of rocks of Oligocene, late Eocene, and lste middle
Eocens age (fig. 9). The lower aquifer (Lower Floridan)
generally consists of rocks of early middle Eocene to
late Paleocens age. Where no middle confining unit

wimthomiddhconﬂninxunit.bovwc_.isnotwey-
where of the same age (fig. 9), nor does it everywhere
consist of the same rock type. as & later section of this
report discusses in detail _
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Throughout much of the study area, the water in the
Lower Floridan is brackish to saline. The Lower Flori-
dan is moderately to highly porous, and digital simula-
tion indicates that it transmits water sluggishly (see
Bush and Johnston, 1985). Little is known about the
Lower Floridan aquifer because in most places there is
no reason to drill into a deep aquifer containing poor-
quality water when an adequate shallower source of
good-quality water (the Upper Floridan aquifer) exists.

Local to subregional zones of cavernous permeabili-
ty occur at several levels within the Floridan aquifer
system. The best known of these zones, called the
*Boulder Zone” (Kohout, 1965) because of its difficult
drilling characteristics, is found in the lower part of
rocks of early Eocene age (fig. 9) in southern Florida.
Borehole televiewer surveys show that this zone con-
sists of a series of thin to moderately thick horizontal
openings connected vertically by fractures, some of
which have been opened and enlarged into vertical
tubes by solution. The Boulder Zone resembles mod-
ern cave systems and is presumed to have formed in a
similar fashion—by solution at or above an early Eo-
cene paleowater table. As a result, the transmissivity
of the Boulder Zone is extremely high (Meyer, 1974).
Other shallower, less extensive cavernous zones are
found farther north in the Florida peninsula (Miller,
1979). Where these cavernous zones are developed in
the parts of the aquifer system that contain saline
water, they are used as receiving zones for under-
ground injection of treated sewage and other industrial
wastes.

Within the sequence of rocks that is here treated as
an upper confining unit are permeable zones that
extend over part of a county or over several counties
and that are important local sources of water. These
localized artesian aquifers are considered in this report
to comprise part of the upper confining unit of the
Floridan aquifer system because their permeability is
low in comparison with that of the Floridan and be-

cause they are of limited extent.

EXTENT

The Floridan aquifer system becomes thin in updip
areas where it is interbedded with clastic rocks. The
limestones that comprise the aquifer system grade in
an updip direction into sandy or argillaceous lime-
stone, which in turn grades into calcareous sand or
clay. Still farther updip, these calcareous clastic rocks
grade into fully clastic sediments that are stratigraph-
ically equivalent to the aquifer system but are much
less permeable than their limestone equivalents. The
updip facies change from limestone into clastic rocks
and the corresponding decrease in the amount of high-
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ly permeable rock in an updip direction are shown by
geohydrologic cross-sections A-A’, B-B’, C-C’, D-D°
and 0’0" {pl. 15, 16, 18, 19, 20). The updip limit of the
Floridan aquifer system (plate 26) has been arbitrarily
placed where the thickness of the system is less than
100 ft and where the clastic rocks interbedded with the
limestone make up more than 50 percent of the rock
column between the uppermost and lowermost lime-
stone beds that can be shown to be connected downdip.
T'o the north and west of the line shown as the approxi-
mate updip limit of the aquifer system, thin beds,
lenses, and stringers of limestone may be either con-
nected to the main limestone body or isolated from it
because of postdepositional erosion. Although these
thin beds and outliers locally yield water in small to
moderate amounts, they are not considered in this
report to be part of the Floridan aquifer system.

The Floridan aquifer system is known to extend
offshore from Georgia (McCollum and Herrick, 1964)
and peninsular Florida (Rosenau and others, 1977:
Schlee, 1977; Johnston and others, 1982). Because
offshore geologic and hydrologic data are sparse, how-
ever, the aquifer system is not mapped offshore in this
report. The Floridan contains fresh to brackish water
in some offshore areas (Johnston and others, 1982), but
sparse data on water quality mandate mapping of the
aquifer system'’s freshwater-saltwater interface by in-
direct methods (Bush and Johnston, 1985; Sprinkle,
1985).

In part of the mapped area in South Carolina, the
Upper Floridan aquifer has passed by facies change
into low-permeability clastic rocks, and only the Lower
Floridan aquifer is present. The effect is that of a
pinchout of the Upper Floridan. The approximate area
of facies change within the Upper Floridan is shown on
plate 26 by a dashed northwest-trending line whose -
location is based on widely scattered well control.
Contours to the northeast of the line represent the top
of a middle confining unit that is underlain by the
Lower Floridan aquifer at an altitude several hundred
feet lower. Other water-bearing limestone units in
South Carolina are located northeast of the area
mapped in this report, but they are either hydraulically
separate from the Floridan aquifer system or their
permeability is too low to warrant including them in
the system.

A series of faults in southwestern Alabama shown
on plate 26 marks the updip limit of the aquifer sys-
tem. These arcuate faults, which are part of the Gilber-
town-Pickens-Pollard fault zone, bound a series of
grabens. Movement along these faults has juxtaposed
low-permeability clastic rocks within the grabens op-
posite the permeable limestone that comprises the
aquifer system. The north-trending, sinuous. fault-
bounded feature in Washington and Mobile Couriies,
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. UPPER CONFINING UNIT

Over much of the study area, the Floridan aquifer
system is overlain by an: lppe confining unit that
‘consists mostly of dudc*Ms but locally contains
much low-permeability lunawm and dolomite in its
lower parts. In places. the upper confining unit has
been removed by erosion, and the Floridan either crops
out or is covered by only a thin veneer of permeable
sand that is part of the surficial aquifer. Because the
lithology and thickness of the upper confining unit are
highly variable, the unit retards the vertical movement
of water between the surficial aquifer and the Floridan
aquifer system in varying degrees. Where the upper
confining unit is thick or where it contains much clay,
leakance through the unit is much less than where it is
thin or highly sandy. In these thick or clay-rich areas,
therefore, water in the surficial aquifer moves mostly
laterally and is discharged into surface-water bodies
rather than moving downward through the upper con-
fining unit (when the head differential is favorable) to
recharge the Floridan aquifer system.© -

The upper confining unit may be breached locally by
sinkholes and other openings that serve to connect the
Floridan aquifer system directly with the surface.
These sinkholes are for the most part found where the
thickness of the upper confining unit is 100 ft or less.
They appear to result from the collapse of a relatively
thin cover of clastic materials into solution features
developed in the underlying limestone of the Floridan
aquifer system rather than from the solution of lime-
~ stone beds within the upper confining unit itself. The
upper confining unit is generally more sandy where it
is less than 100 ft thick because these relatively thin
areas represent upbasin depositional sites where coars-
er clastic rocks were laid down. Plate 25 shows the
extent and thickness of the upper confining unit. The
maximum measured thickness of the unit is about
1.890 ft in well ALA-BAL-30 in Baldwin County, Ala.
The maximum contoured thickness is 1,900 ft. Plate
25 also shows areas where water in the Floridan aqui-
: fer system occurs under unconﬁned. thinly confined

The upper confining mhgndalnbedsofhu
and middle Miocene age. ‘where such beds are present.
Locally, low-permeability beds of post-Miocene age are
part of the upper confining unit. Over most of the
study area, middle Miocene and younger strata consist
of complexly interbedded. locally highly phosphatic
sand. clay, and sandy clay beds, all of which are of low
permeability in comparison with the underlying lime-
stone of the Floridan aquifer system Locally, low-
permeability carbonate rocks that are part of the lower
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Miocene Tampa Limestons or of the Oligocene Suwan-

nee Limestone are included in the upper confining unit.

Very locally, in the West Palm Beach, Fla., area, the

uppermost beds of rocks of late Eocene age are of low

permeability and are included in the upper confining
unit.

Parker and others (1955) and Stringfield (1966)
included basal beds of the Hawthorn Formation in
their Floridan and principal artesian aquifers where
those beds are permeable. In a few isolated cases (for
example, in Brevard County, Fla), the lowermost.
Hawthorn strata are indeed somewhat permeable, but
their permesbility is considerably less than that of the
underlying Floridan aquifer system. as Parker and
others (1955, p. 84) recognized. Locally, in parts of
southwestern Florida (Sutcliffe, 1975; Boggess and
O’Donnell, 1982) and west-central peninsular Florida
(Ryder, 1982), permeable zones within the Hawthorn
Formation are an important source of ground water
over a one or two-county area. Although some of
these permeable zones are limestones, their transmis-
sivity is at least an order of magnitude less than that-
of the Floridan aquifer system, and they are separated
from the main body of permeable limestone (Floridan)
by thick confining beds. Because of their limited areal
extent, relatively low permeability, and vertical sepa-
ration from the Floridan aquifer system practically
everywhers, water-bearing Hawthorn limestones are
excluded from the Floridan in this report.

Where the limestone and dolomite of the Floridan
crop out, a clayey residuum may form over the carbr-
ate rocks as a result of chemical weathering that
dissolves the carbonate minerals and concentrates
trace amounts of clay that are in them. Such resi-
dumm is particularly well developed in the Dougherty
Plain area of southwestern Georgu (Hayes and others,
1983). Although this residuum is a low-permeability
material and may. very locally form a semiconfining
layer above the li 1t is usually thin and lateral-
ly discontinuous. Aeoo y, the clayey residuum is
not included in this report as part of the upper confin-
ing unit of the Floridan aquifer system.

_ Because the rocks that comprise the upper confining
unit vary greatly in lithology, are complexly interbed-
ded, and for the most part are of low permeability.
little is kmown about their hydraulic characteristics.
Where clay beds are found in the Hawthorn Forma-
tion, they are usually very effective confining beds.
Vertical hydraulic conductivity values for Hawthorn
clays, as established from core analysis and from
aquifer tests, range from 1.5 X 102 f/d (Hayes, 1979)
to 7.8 X 107 fud (Miller and others, 1978). Where
sandy beds of the Hawthorn comprise a local aquifer.
transmissivity values for the sand range as high as
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about 13.000 ft%d (Ryder, 1982). Hawthorn limeston

beds that are local squifers yisld up to 750 gal/min
(Boggess, 1974).

FLORIDAN AQUIFER SYSTEM

CENERAL

The Floridan aquifer system is a thick sequence of
carbonate rocks generally referred to in the literature
as the “Floridan aquifer” in Florida and the “principal
artesian aquifer’ in Georgia, Alabama, and South
Carolins. As defined in this report, the Floridan aqui-
fer system encompasses mors of the geologic section
and extends over a wider geographic area than either
the Floridan or the principal artesian aquifer, as those
aquifers have been described in the literature. Figure 7
shows the geologic formations in Florida and south-
eastern Georgia that were called “principal artesian
formations” by Stringfield (1936), thoee that were
included in the “Floridan aquifer” as defined by Parker
and others (1955), and those placed in the “principal
artesian aquifer’ as defined by Stringfield (1966).
Subsequent deep drilling and hydraulic testing have

‘shown that highly permeable carbonats rocks extend

to deeper stratigraphic horizons than thoee included in
either the “Floridan” or “principal artesian® squifers
as originally described. Accordingly, this author (cited
by Franks, 1982) extended the base of the Floridan
aquifer downward to include part of the upper Cedar
Keys Limestone (fig. 7). Limestone and dolomite beds
that commonly occur at the base of the Hawthorn
Formation have been included as part of the
“Floridan” or “principal artesian”’ aquifer in most
previous reports. Howsever, data collected for the pre-
sent study show that, except very locally, there are no
high-permeability carbonate rocks in the lower part of
the Hawthorn Formation that are in direct hydraulic
contact with the main body of the Floridan aquifer
the aquifer system in 8 report by Miller (1982a) that
was one of a series of several interim reports published
during the present study. In these interim reports, the
squifer system was called the “Twrtiary limestons
aquifer system of the Southeastern United States.’

- This cumbersome, albeit more accurats, terminology

has subsequently been abandoned. and the aquifer
system is referred to in this profeesional paper as the
;986.1 . donﬂad'hi::r;dt.h. o
or & more terminology
applied to the aquifer system).
The Floridan aquifer system is defined in this report
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-~ as a vertically connnudﬁiuquena of carbonate rotks

of generally high p«mogijlity that are moetly of mid-
dle and late Tertiary age and hydnuhully connected
in varying degrees and whose permeability is. in gener
al. an order to several orders of magnitude greater than
that of those rocks that bound the system above and
below. As plate 2 shows, the Floridan aquifer system
includes units of late Paleocene to early Miocene age.
Very locally, in the Brunswick, Ga.. ares, the entire
Paleocene section plus a thick sequence of rocks of
Late Cretaceous age are part of the aquifer system. In
and just downdip of the area where the aquifer system
crops out, the entire system consists of one vertically
continuous permeable unit. Farther downdip, less
permeable carbonate units of subregional extent sepa-
rate the system into two aquifers, herein called the
Upper and Lower Floridan aquifers (fig. 8). These less
permeable units may be very leaky to virtually non-
leaky, depending on the lithologic character of the rock
comprising the unit. Because they lie at considerable
depth. the hydrologic character and the importance of
the subregional low-permeability units are known from
only a few scattered deep test wells. Local low-
permeability zones may occur within either the Upper

-

B4S

or the Lower Floridan squifer. In places (for example,
southeastern Florida), low-permeability rocks sccount
for slightly more than half of the rocks mc.luded in the
aquifer system.

Even though the rocks that comprise the base of the
Upper Floridan squifer are not everywhere at the same
altitude or geologic horizon or of the same rock type,
the presence of a middle confining unit over about
two-thirds of the study area has led to s conceptual
model for the Floridan aquifer system that consists of
two active permeable zones (the Upper and Lower

Floridan aquifers) separated by a zone of low permes-

bility (a middle eonﬁm.ng unit). Because of this simpli-
fied layering scheme, it is necessary to greatly general:
ize the highly complex sequence of high- and low-
permeability rocks that comprise the aquifer system.
Local confining beds (see, for example. cross section
E-E’, pL 21) are either disregarded because they are
regionally unimportant or lumped with one of the
major layers. The purpose of the conceptual model.
and of the digital computer model derived from it and
described by Bush and Johnston (1985) is to portray
the major aspects of ground-water flow within the
Floridan aquifer system. In like manner, the descrip-
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Figure 8. Aquifers and confining units of the Floridan aquifer system.
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:“m?.‘ {48 aquiter aystem's geobydrologic framewark

e is intendad to show the principal varis-
Hons in g ity within the aquifer system, In

both Chegs 1cal snomialies that do not £t with overall

(reg:m“ tonditions are ignored.
ont iﬂ‘ua.u,, the top of the Floridan aquifer system in
(Suw PlaCeq Lies at the top of rocks of Oligocene age
P Mlygs Limestone) where these strata are
,m*& Where Oligocene rocks are absent, the
Eoceng {ystem’s top is generally st the top of upper
panhap bcks (Ocala Limestone). Locally, in eastern
Floridg & Florida and in west-central peninsular
are Nli bcks of early Miocene age (Tampa Limestone)
the aa |y Permeable and hydraulically connected to
lower 14/¥F system. In places, upper Eocene through
sion of p e rocks are either missing owing to ero-
places Qkndeposition or of low permeability; at these
matiop Ocks of middle Eocens age (Avon Park For-
importy thark the top of the aquifer system It is
upper 4t to note that there are some places where the
of mpqﬂ of a given formation that comprises the top
rocks. Quifer system consists of low-permeability
excluc At such places, the low-permeability beds are
‘systen) from the aquifer system, and the top of the
m_p'\iconsidaredtobothowpofthnuppamoet
tom. m’ fheability carbonate rock. The top of the sys
' “‘ﬁ. may lie within a stratigraphic unit rather
" betweg {ts top. Because the permeasbility contrast
" unit Y the aquifer system and its upper confining
zons, o8 2Ot everywhere follow stratigraphic hori-
: Likewj“hh” does the top of the aquifer system.
S %% the top of the aquifer system may locally lis
* stone E\ \imestone unit if the upper part of the lime-
S parti U8sists of low-permeability rock and the lower
Th: “Qkh.ly permeable. _ .
- Fark g {tne-stratigraphic units or parts of units that
1“‘“4'95 top of the Floridan aquifer system at selected
inits ti'u-mshowuinﬁg\m9.ntnllnr.hotil:no-rcae.k
deuite !\t comprise the Upper and Lower Floridan

..q'!; And the units'that are considered to represent
L Adeals i‘ersystm! Figure 9 showas a series of

xamination of this
§onmahnddiﬁonwthmmth
f‘- base of the aquifer system. the degree of
A Wtyvuﬁupudywithinthcmm

i 4541 1% (and as figure § shows), the aquifer system in
i f ces can be divided into an Upper and Lower

f

-'%t:;Buhy. Gt;.unthimﬂm.. Fla., col
3 3 9" .nd . .qnihr l}’ltll . '. ll

B“&)'In throughout its vertical extent. ,:n other

placss, thick sequences of low-permeability rock occur
at several lgvels within the squifer system (for exam-
pls, the Savannah, Ga., and West Palm Beach, Fla,
areas in fig. 9), and the several discrete permeable
zones of the system may be hydraulically separated.
Regionally, and in a fashion similar to the way in
which the top is defined, the base of the aquifer syscem
is defined as the level below which there is no high-

permeability carbonate rock. The base of the system is

generally either (1) glauconitic, calcareous, argillaceous
to arenacecus rock that ranges in age from late Eocene
to late Paleocene (fig. 9) or (2) massively bedded anhy-
drite that commonly occurs in the lower two-thirds of
the Paleocene Cedar Keys Formation. Locslly, nesr
Brunswick, Ga., micritic limestone and argillaceous
limestone of Late Cretaceous (Tayloran) age mark the
base of the aquifer system. The permeability of the
micritic and argillaceous carbonate rocks, the anhy-
drite beds, and the various clastic rocks that comprise
the base of the system is much less than that of the
carbonate rocks sbove. Regardless of its lithologic
character, the lower confining unit, whose top is
mapped in this report as the base of the aquifer sys-
tem, everywhers separates the system from deeper,
predominantly clastic aquifers of early Tertiary and
Late Cretaceous age.

The upper confining unit of the Floridan aquifer
system generally consists of rocks of middle and late
Miocene sge. Where older rocks such as the lower
Miocens Tampa or Oligocene Suwannee Limestones
are of low permeability, they are also included in the

upper confining unit. In parts of the study area. the

upper confining unit has been removed by erosion and

the aquifer system either: crops out. is covered by only
a surficial sand aquifer, or is covered very locally by
clayey residuum. Hydraulic conditions within the aq-
uifer system accordingly vary from confined to uncon-
fined. Where thick sequences of less permesble rocks
of subregional extent are present within the squifer
system, they divide it into two major squifers. The

olmknoloumhnsmmdlzum@ddle
Eocens age (fig. 9). The lower aquifer (Lower Floridan)
mﬂymﬁ:uo!mcksofml'ymiddhE?cmptp

whctoft.h.umm(ﬁ‘.ﬂ.wdouitmhaje
consist of the same rock type. as & later saction of this
report discusses in detail
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Throughout much of the study area, the water in the
Lower Floridan is‘brackish to saline. The Lower Flori-
dan is moderately to highly porous, and digital simula-
tion indicates that it transmits water sluggishly (see
Bush and Johnston, 1985). Little is known about the
Lower Floridan aquifer because in most places there is
no reason to drill into a deep aquifer containing poor-
quality water when an adequate shallower source of
good-quality water (the Upper Floridan aquifer) exists.
_ Local to subregional zones of cavernous permeabili-

ty occur at several levels within the Floridan aquifer
system. The best known of these zones, called the
*Boulder Zone” (Kohout, 1965) because of its difficult
drilling characteristics, is found in the lower part of
rocks of early Eocene age (fig. 9) in southern Florida.
Borehole televiewer surveys show that this zone con-
sists of a series of thin to moderately thick horizontal
openings connected vertically by fractures, some of
- which have been opened and enlarged into vertical
tubes by solution. The Boulder Zone resembles mod-
ern cave systems and is presumed to have formed in a
similar fashion—by solution at or above an early Eo-
cene paleowater table. As s result, the transmissivity
of the Boulder Zone is extremely high (Meyer, 1974).
Other shallower, less extensive cavernous zones are
found farther north in the Florida peninsula (Miller,
1979). Where these cavernous zones are developed in
the parts of the aquifer system that contain saline
water, they are used as receiving zones for under-
ground injection of treated sewage and other industrial
wastes.

Within the sequence of rocks that is here treated as
an upper confining unit are permeable zones that
extend over part of a county or over several counties
and that are important local sources of water. These
localized artesian aquifers are considered in this report
to comprise part of the upper confining unit of the
Floridan aquer system because their permeability is
low in companson with that of the Floridan and be-
cause they are °¢fa; ited extent.

The Floridan aquifer system becomes thin in updip
areas where it is interbedded with clastic rocks. The
limestones that comprise the aquifer system grade in
an updip direction into sandy or argillaceous lime-
stone, which in turn grades into calcareous sand or
clay. Still farther updip, these calcareous clastic rocks
grade into fully clastic sediments that are stratigraph-
ically equivalent to the aquifer system but are much
less permeable than their limestone equivalents. The
updip facies change from limestone into clastic rocks
and the corresponding decrease in the amount of high-

FLORIDAN AQUIFER SYSTEM RASA PROJECT

ly permeable rock in an updip direction are shown by
geohydrologic cross-sections A-A’, B-B’, C-C’, D.D°
and 0’0" (pl. 15, 16, 18, 18, 20). Theupd.lp limit of the
Floridan aquifer system (plate 26) has been arbitrarily
placed where the thickness of the system is less than
100 ft and where the clastic rocks interbedded with the
limestone make up more than 50 percent of the rock
column between the uppermost and lowermost lime-
stone beds that can be shown to be connected downdip.
To the north and west of the line shown as the approxi-
mate updip limit of the aquifer system, thin beds,
lenses, and stringers of limestone may be either con-
nected to the main limestone body or isolated from it
because of postdepositional erosion. Although these
thin beds and outliers locally yield water in small to
moderate amounts, they are not considered in this
report to be part of the Floridan aquifer system.

The Floridan aquifer system is known to extend
offshore from Georgia (McCollum and Herrick. 1964)
and peninsular Florida (Rosenau and others, 1977:
Schlee, 1977; Johnston and others, 1982). Because
offshore geologic and hydrologic data are sparse. how-
ever, the aquifer system is not mapped offshore in this
report. The Floridan contains fresh to brackish water
in some offshore areas (Johnston and others, 1982), but
sparse data on water quality mandate mapping of the
aquifer system’s freshwater-saltwater interface by in-
direct methods (Bush and Johnston, 1985; Sprinkle,
1985). -

In part of the mapped area in South Carolina, the
Upper Floridan aquifer has passed by facies change
into low-permeability clastic rocks, and only the Lower
Floridan aquifer is present. The effect is that of a
pinchout of the Upper Floridan. The approximate area
of facies change within the Upper Floridan is shown on
plate 26 by a dashed northwest-trending line whose
location is based on widely scattered well control
Contours to the northeast of the line represent the top
of a middle confining unit that is underlain by the
Lower Floridan aquifer at an altitude several hundred
feet lower. Other water-bearing limestone units in
South Carolina are located northeast of the area
mapped in this report, but they are either hydraulically
separate from the Floridan aquifer system or their

permeability is too low to warrant including them in’

the system.

A series of faults in southwestern Alaba.ma shown
on plate 26 marks the updip limit of the aquifer sys-
tem. These arcuate faults, which are part of the Gilber-
town-Pickens-Pollard fault zone, bound a series of
grabens. Movement along these faults has juxtaposed
low-permeability clastic rocks within the grabens op-
posite the permeable limestone that comprises the
aquifer system. The north-trending, sinuous, fault-
bounded feature in Washington and Mobile Counties.
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Physical Properties and Principles | Ch. 2

Table 2.2 Range of Values of Hydraulic Conductivity
and Permeability

Unconsoli.doted k k K K K
deposits (darcy) (cm?) (cm/s) (m/s) (go!/doy/ﬂz)

S

Rocks

0% 1073 102 [t
T [ ‘
Li0® fio® o Lo [

L10%
L1o® L1070 L1072

404

—— Gravel

L1078
L7

-1078

Permeable basalt —

Fractured igneous and

——XKarst limestone —
~—— Clean sand

STond

— Silty sand

-1075

metamorphic rocks

Limestone and
dolomite
Sandstone

-107®

— Silt, loess

1077

Glacial till

[ IO-B L 1O-IO

L0 Lo

Unweathered
marine clay

1071070 L1072

v
X
L
1)
)
4o
O.C
own
c

&

L 10-16 Lig L 10713

k=]
<
v o
o
>
oo
S o
s
=&
o
i PPt
)
2
S

Table 2.3 Conversion Factors for Permeability
and Hydrauiic Conductivity Units

Permeability, £* Hydraulic conductivity,

cm? ft2 darcy m/s ft/s gal/day/ft?

cm?2 1 1.08 > 1073 1.01 x 108 9.80 > 102 3.22 % 103 1.85 x 109
fi2 9.29 : 102 1 9.42 x 1010 9.11 » 103 2.99 x 106 1.71 » 1012
darcy 9.87 » 1072 1.06 » 10~11 1 9.66 » 107¢ 3.17 > 1075 1.82 x 10!
m/s 1.02 > 1073 1.10 > 1076 1.04 x 105 1 3.28 212 > 106
ft/s 3.11 » 104 3.35 > 1077 3.15 x 104 3.05 x 1071 1 5.74 » 103
gal/day/fi2 5.42 % 10710 5.83 x 10713 549 x 1072 4.72 » 1077 1.74 x 1076 1

*To obtain k in ft2, multiply k in cm? by 1.08 x 1073,
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REFERENCE 15

NUS CORPORATION AND Svosiuimnnics "~ TELECON NOTE
CONTROL NO: OATE. | nme:

2-1M-% 'S0 PM
DISTRIBUTION: }
BETWEEN: | OF Onlande et PHONE:

Wl Reules Comamaiscon, Wolin DepX, [ (407) 244-5739

T e R 0 Gy |

OISCUSSION:

R~ e 33 o0 ’ of (325

Follow-up call made on February 18, 1992 by Cynthia K. Gurley of BVWST.

"Mr. Banks 1is the superintendent of operations at Orlando Utilities. Also, Mr.

Banks said the number of homes using their water system had increased to 93,000

homes.

JAI A
ACTION [TEMS: [
Follow-up call made on May 27, 1992 by Cynthia K. Gurley of BVWST. Water is pot

used for irrigation of commercial food crops that meet the criteria of a S-acre

minimum. Also, the Orlando Utilities is not in a Wellhead Protection Area,

RV L LT T VY )




REFERENCE 16

NUS CORPORA rION AA— wwawitrimiiow - ‘ rELECON NOrE
CONTROL NO: - DATE: 1 nme:

Z-14-90 | 315 pMm
DISTRIBUTION:

. T | PHONE:

e?\,u.\ S wsellwms Wi, e Ul (407)623-333 8

%%.N%Cmp _ .

DISCUSSION:

'T_\«mil\.cs

Q-M- ?ZMQLSNJQ«_MGQ,(‘M

BETWE

;sx"ﬁkz, v:XZ:'ir‘Jtama_

WI@M

Follow-up call made on February 18,1992 by Cynthia K. Gurley of .BVWST.

Mr. Enselmo is the manager at the Winter Park Utilities,

' o
ACTION ITEMS:

Follow-up cal]l made on May 27, 1992 by Cynthia K. Gurley of BVWST Water is

not used for irrigation of commercial food crops that meet the criteria of a

S5-acre minimum. Also, the Winter Park Utilities is not in a Wellhead Protection

Area.




REFERENCE 17

B&V WASTE SCIENCE AND TECHNOLOGY CORP.

MEMORANDUM

S BVWST Project 52013.040
Chevron Chemical Company, Inc./Ortho Division BVWST File E.1
To locate private well users in the area. March 9, 1992

Mr. Stewart located all the private wells on a 4 mile radius map, I
provided. Keller Music (approximately 5 employees) is located 1 mile
south from the site. 132 homes are located between 2-3 miles northwest
of the site, and 440 homes are located between 3-4 miles northwest of
the site.

The private wells are 125 feet to 200 feet below land surface.

The private wells are located on Reference 8.

o € Gty



B & V WASTE SCIENCE & TECHNOLOGY CORP.

1117 PERIMETER CENTER WEST
SUITE W-212

ATLANTA GEORGIA 30338
TEL (404) 392.9227

FAX: (404) 392-9289

BVWST Project 52013.040
BVWST File
February 13, 1992 -

Mr. David Stewart

Central Florida Well Drillers
3720 North Orange Blossom Trail
Orlando, Florida 32804 :

Subject: To locate private drinking water
wells in the area

Dear Mr. Stewart:
I have enclosed four'U.S.G.S. topographic maps of the area that is being
investigated by the Environmental Protection Agency. I have indicated
on the map the center of the study area. The investigation is taking
into account a four mile radius from the center of the study area.
As per our conversation on February 12, 1992, please circle or indicate
all the area residents which utilize private wells for potable water on
the maps. Also, if you have any additional information (latitude and
longitude of wells or depths), it would be greatly appreciated.

Should you have any questions, please don't hesitate to call.

Very truly yours,
B&V WASTE SCIENCE AND TECHNOLOGY CORP. .

(s £

Cynthia K. Gurley
Project Scientist

. | c ( ' . ;u:L"godiL
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REFERENCE 18
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Table 6. Household, Family, and Group Quarters Characteristics
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B&V WASTE SCIENCE AND TECHNOLOGY CORP.

TELEPHONE MEMORANDUM -

Site Assessment
Chevron Chemjca]s

Companies Serviced by Orlando Utilities
for Commercial Food Preparation

To: Howard Smith

Company: Orlando Utilities Commission
Water Department

Phone No.: (407) 244-8739

REFERENCE 19

BVWST Project 52013.040
BVWST File E.1

July 16, 1992

3:20 p.m.

Recorded by: Cynthia K. Gurley/BVWST (LG? 7-19Z.

Mr. Smith is the director of water production division at Orlando
Utilities. There are several companies located in the Orlando area
that are serviced by the water department for commercial food prepara-
tion. These companies include: Polar Cup, Inc., Andrea Quality
Cheesecake, and Florida Coca-Cola Bottling Canned Products Division.
The address for each of these companies is located in Reference 20.




Reference 20

: E ' Library Region IV

2 US Enviroamestal Protection Agency
i - 345 Courtland Street

| . Atlasta, Georgia 30365
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ORANGE COUNTY FIRMS BY COUNTY (ALPHABETICAL WITHIN

B-198

Plastic Tubing Industries, Inc Pro Chem Products inc . Quebelor Printing, inc. Revmaster Machine
750 Viacan Road Ortando 1340 Waest Cenural Orando . Mat: 6300 Hazeiune Nat'l Dr #108 Mad. 5358 Oig Wil
Mad: P, O. Box 607358 Mai: P. O Box 5127 Fl 32822-5109 Fl 328111521

FI 32860-7356 - - FI 82855-5127 Bob D"Angelo, Gen Mgr Robert W. Wilkams, (
Michael Maroschak, Prasident Paul Hinderlner, Pres,Sales . PH (407) 851-3681 PH (407} 295-7691
Douglas Everson . Munel Hinderliter, Secy-Treas Emp. 42 Emp: n
Scott Dunfee : PH (305) 425-5533 Computer grapiucs 3577 Machwne shop work
PH {407) 298-5121 tmpon & Export Emp: 12 .
Fax. {407) 578-9393 Upholstery shampoo,car wax, 2842 .
Tog;:;,e; ‘25 3 . dertgnt Quemco Laboratories Inc. Rhema Corp Of Orla
oG 3 ana 3064 Mad: P.O. Box 585634 Orlando -
ic'usnc Lﬁf e o Pee 3089 F1 32858-5634 Mal: 10901 Rhema ¢
Products By Cameo, Inc. 1. Corvado, President F132821-9257
Mu:&gzz% gfgeg;uzﬂow Orlando PH (407) 295-8218 ;AakMr:sher. Ple;.m
Cup, . -571 Emp: 3 at Mosher, Vice Pre
Po:;. 4201.':\11\1 Ford Rd Ortando Leonard Scimudt Water reatment compounds 2899 Jeff Recker. Ex Vp
] Fl32812.2708 Pri 1407) 857-1620 Expont Janonial treaiment compounds 2899 PH (305) 885-1290
K ot e e % es R
PH (305) 282-5571 Textie paints 2851 ,
Emp: 15 Nesdie punch 2395 Ram-Lin Custom Trailers, Inc
Frazen lemonade 2038 Mad: 9388 Sudney Haves Rd. Orlando
| . .
. c,,:;f:ﬁ‘g}?zw Rinker Materials Cor

Pounds Motor Co, Inc. Professional Contacts, Inc. ) PH (305} 851-1144 Mad: P. 0. Box 323
162 W Plant Street Winter Garden Mail. 3185 S. Conway Rd. Suite £ Eme. 1 Ft 32790-0323
Mal: P. O Box 770248 Fl 32812-7395 Boat & unbty traders 3792  Bernag J. Huguenat

1 34777-0248 George Johnson, President . Charias R. Jameson
James H. Pounds, President gﬂhaf‘:&&;v;ej ;;;9”'05 PH (407) 671-2134
32 Russell S. Pounds, Sec/Treas (407) - . Emp: 37
1 PH (407) 65661352 Export Emp. 35 Randall Made Knives ) Boady mued concre.
i Emp: 35 Opthaimec goods 3851 Mail: P. O Box 1988 Ortando Concrete blocks
I, 3 Agnc. machinery 3523 F1 32802-1988
‘g Gary T. Randall
5 . o Professional Equipment Resource, PH (407) B55-8075 impon & Expon
o AL e 1 o 5e04 Rk Mt Co
| 59, sox mier Mad. 6757 Edgewater Commerce Pwy Spornng sheath knwe 3421 Mait: P. 0. Box 6077
F1 32790-3057 Fi 328104278 Oriando porng shoat * 2 F132860-7734
Arnoid Stewn, Vice Pres Charles Halgren, President Mark A. Chernega, b
PH (407} 629-9463 PH (407) 297-9999 tmpon & Export . Chuck Gattin, Ors Sis
Emp: . Fax: {407) 2976818 Rays Furniture Frame Mfg. Caria McMulien, Per:
Businass consulung 8748 Tol-Free: 1-800-654-5171 Mail: 2812 Apopka Bivd. Apapka PH (407 296.3870
Emp. 10 oy FI 32703-9347 Fax: (407) 299-950:
- N New and recondisoned dental 3843 Newton Emp: 400
Precision Metal Services, inc. squipment Penny Newton Ready mixed concret
Mad: 814 W. Church St. Orlando PH (407) 299-7411 Concrets block
F1 32805-2212 ] Emp: 3 Cement
Jack H. Brush, Pres Progressive Communications, Inc. Fumnuwe frames 2426
Laune J. Conley. Sec/Treas .
PH (407) 843-3682 Mail: 1676 E Semoran Bivd. Apopka
Fax (407) 8430208 F132703-5697 Rebah Fabrication, | ' .
Tol.Free: 1-800-940.0205 Bob Czesnakowcz, Prasident Fabrication, Inc. Rinker Materials Coi
Emp 13 PH (407) 8800111 Mad: 11300 Space Bivd. Oriando Mal: P. 0. Bax 607:
) : Emp: 45 F132821-9265 Fi 32860-738¢
hea! melal chass:s, .
;Shmr:wgmﬂ parts 3449 Prnung 2759 Joseph Haber. President Chares R. Jameson.
Neat sks 3431 Pameta L. Burgess, Cont Tun Holt, Oper Mar
- Eloctron: tranng devices 3459 PH (407) 857-3232 PH 1407) 293-8310
Mal box components 3469 Erwin F. Puch Manufacturing Corp. Fax: (407) 2408312 Emp: 31
Mai: 1239 W. Columbia St. - Oriando Emp: 10 Raady mued concre:
FI 32805-3834 Custom metal fabncanon 3499 Concrete blocks

Precision Meters, Inc/Cartainteed Erwan Puch, Jr.. Owner Weiding 3548 Stucco matendls, bru
Corp. & St. Gobain PH (407) 425-3965
Mai: 11100 Astronaut Boulevard  Orlando Emp: 3 - :

FI 32821-9280 Custom mig. of small parts 3599 Reddy Creek Utilities Co ) .
Edae Anderson, President o Mad: 9003 Lake Mabel Or. Orando  Rinker Matenials Co
PH (407) 8514470 Export | Fl 32819-8804 Plant
Emp: 33 Qual-Tech, Inc ] Jack Rabon Mad: 8165 Rinker W
Water Melars - al types . 3824 Mal: 2580 S Orange Blossom Trail PH (407) B24-4024 Fl 32818-5599
R 32805-5455 s Emp. O eloctrons 3679 J. "+d Borgenkirch
. John J Dawvis, President ubassambies and elecronc Bob Anderson
Presentations South, Inc.: PH (305) 843'32%. . compaonents nec PH (407) 876-2950
. Mad 4243 L B. Mcteod Rd.  Oriando Emp: 10 Emp: 38
Fi 32811-5699 Cust plastc fab & vacuum formng 3089 Ready mued concre:
Robent Buck i + Concrete blocks
PH (407) 843-2535 mport & Export | Regal Marine Industries, Inc.
Emp: 35 . . Mad: 2300 Jerport Dr. Orlando
Extubits, amusemants, museums 3999 Quality Assurance institute Ft 32809-7829
Allractons 3999 Mad: 7575 Dr. Philps Bivd, Ste 350 Paul Kuck, President .
Custom mebaark 3449 F 32819-2273 PH {407) 851-4360 Expon Robbins Manufactu:
William Perry Emp: 500 Mad: 7205 Rose Av-
Dedis Melnick Baals & manne products 3731 Fl 32810-3414
Printing Industries Of Florida, Inc. PH (407) 363-1111 Export Powerboais 18° - 36° i length 3842 Roy Sell, Branch Mg
MN.QGZOS Edgewater Dr. Orlando Fax: {407) 363-1112 Whwripool baths (spas) 3842 PH (407) 293-0321
Fi 32804-2297 Emp. 12 Emp: 10
J. Penrod Jones Computer software svcs 7371 Woimanued yelow (.
PH (407} 290-5801 5"“‘-“;:“’_;‘_"""" onquaty 8748  Repco Incorporated m'ﬁ’; .
Emp: 6 sssurance 2421 N. Orange Biossom Trad  Orlando :
Praing 2759  Promouwonal products for quakty 8734 \yp P 0. Box 7065
. #ssurance Fl 32804
. i R. Wayne Neison, President R
Printing Service william H. Cole, Vp Mkig/S! Robertson Optical L
Mai' 1315 N Mis Ave. Orando Qualogy .John Long. Vp Finance Mai: 3210 Corrne |
Fi 32803-2542 Mai: 87 E Michgan St Ortando PH (407} 843-8484 import & Expon F1 32803-22721,
George Dahkquist, Owner F1 32806-4418 Emp:  275. Wilkam Parker. Vice
PH (305) 896-2294 PH (407) 423-1047 Rado commurcation equepment 3669 PH (407) 894-0551
Emp. 10 Emp. § Talemetry 3812 Emp: 25
Commercl pnnitng 2759 {computng equpment electronwc) 3577 Secunty systems 3699 Optxcal lensas



ORANGE COUNTY

Advanced Welding & Mfg. inc.
Mal. 10 W. llana St
Fi 32806-4408
John Berndobler, Presdent
Gioria J. Berndobier, Sec./Treas
PH (407) 849-6387
Fax' (407) 649-4149 o
Emp: 6
Laser frame production

Orlando

3699

Aerospace Defense Coatings,Inc
601 N. Orange Biossom Tral Oriando
Mai. P. O. Bax 2609 ~

Fi 32802-2609
Thomas W. Scon, President
Gary Hall, Vice Pres
PH (407) B43-1140

Emp- 3
Mil-spec panting
Aerospace

3999
3769

Agri-Machinery, Inc.
Mad: 3489 Al Amencan Bid.
Fi 328104788

J. R. Turner

Thomas Bilings

PH (407) 299-1592
Emp. 30

Custom machwnery

Conveyors

Agncultural machunery

Onando

import & Expont

3523
3523
3523

.

Air-Flite Containaers, Inc.
Mail: 2699 Forsyth Rd
Ft 32807-6497
Kewin £ McDonaid
€ P. McDonaid
PH (407) 678-3928
Emp: 15
Wood boxes
Corrugated baxes

Ortando

Expont

3449
2653

Air Products And Chemicals, inc.

Mail. 1115 Sigh Bivd Orlando
Fi 32806-1030

Oonaid C. Mayer, Branch Mgr

PH (407) 648-1662

Emp. 12
indus/speciaity/med gases
equipment

3823

Airfail Textron, Inc.

2287 Prenmuer Row

Mail. P. O. Bax 590588
FI 32859-0588

George A. Mason

Janet Rivera

J. Andrew Noyes

PH (407) 8590632

Fax' {407) 859-3493

Emp: 294

Procision jet éngine ‘parts

Tianwm comprassor blades for

10158

-

3728
3728

Airtron, Inc.
Mai- 4201 34th Sweer
Ft 32811-5696
Mike Kramar
Gordon Anen
Bl Aringhous
PH (407) 425 8672
Emp. 30
A conanonming
Heat pumps
Heatng

3585
3585
3585

Al-Len Lock Co.
Mail: 4550 W Coloruat Dy.
'FI 32808-8195
Allan Pritzker, Pressdent
Sharon Pritrker
PH (407) 2930057
Emp. 6
Cusiom res haroware & acces.
Sales
Coniract hardware

import & Export

3261
3499
3421

FIRMS BY COUNTY (ALPHABETICAL WITHIN COL

Alcan Building Products

Mail- 1730 N. Forsyth Rd
F1 32807-5274
John Cugura, DisyMyr.
PH (407) 671-1527
Emp: 10

Windows & doors
Alumunum siing & facia
Vinyt siding

All Metal Fabricators, Inc.
Mal 19 N. Texas Ava.
1 32805-2162
Ervn K. Regal, President
Swe Regal
PH (407) 293-6337
Emp. 21
Staniess steel fabrcaton
Commerciad katchens
Reastaurant equipment

Ali State Pallets
Mad: 153 W. Landsireet Rd.
F1 32824-7820
Darrell Rogers, Gen Mgr
PH {407) 885-8087
€mp. 6
Reburit paliets

Allied Septic Tank Co Inc
Mai. 5640 Carder Rd
F132810-4785
wilam P. Thomas, Pressdent
PH {305) 293-8510
- Emp: 40 R
Concreté products & seplic tanks

Alpha Draperies, Inc.

Mad: 627 Virginwa Dr.
Fi 32803-1857
Frank Guy, President
PH (407) 898-5861
Emp. 6

Drapenes
Verucals
Muni binds

Alpha Manufacturing, Inc.
19 North Texas Ave
Mal: 15 N. Texas Ave.

F1 32805-2162 -
Ervin K. Regal, President
PH (407} 293-6337
Fax: {407) 295-6860

Emp: 16
Commencal kiichens
Ventilaton systems
Restaurant equipment
Shce melal products

Export

Aluma Kraft Awning
Mai. 1310 W. Cenual Bivd.
Fi 32805-1708
James W Wingo, Owner
PH (407) 4226139 Expont
Emp. ¥3

Screen rooms, catma rooms, pool
enc.

Awrungs, panc covers, sing &
sof

Ome&dmmun products

American Anchor Corp
Mal: 4111 341h Sueet
F132811-6472
Wiltam Stahl, Pres
Caria McCowen, Sis Mgs
PH {407) 843-1661
Fax {407} B41-4237
Toli-Free 1-800-321-4445
Emp:
Expansion/masonsy/concrete
anchors

_Orlando

- 3442 -

3292

3312
2514
3556

2448

Orlando

3272

2391
2591
2591

Ortando

3556

3556
3444

3442
3444
3441

3429

American Blueprinting & Supplies Inc
Mail: 1999 W Farbanks Ave.
F1 32789-4586

Robert D. Smith, Presdent

Jin Croft, Gen Mgr

PH (407} 644-5366

Fax. (407) 644-7456

Toll-Free. 1 800-432-0856
Emp: - 28

Bluepnnt procassng/offset p(m

Poier service

Copyng

Winter Park

2259
3577
2759

American Colors
Mai: 685 Rocket Bivd.
F1 32824-8556
Lewis A. Wible Jr, De/Mkig
PH (407) 851-3030 Export
Emp: 17
Gel coats for boatng andusiry *
Shower stalls
Colors & pgments

3089
3089
2816

American Crime Prevention Corp.
Mail: 2467 John Young Pkway  Orlando
Fi 32804
Ban Waymura, President
PH (407} 295-4777
Emp. §

Burglar alarms 3663

American Machinery Corp.
2730 Eunice Avenue
Mal: P. O. Box 3228

Fi 32802-3228
Fred Kelly, President
Thomas A. Gnesda, Exec VP
PH (407) 295-2581 Export
Fax: {407) 290-5203
Emp: 50

Food processing mactunery
Post harvest chemicals

3556
2833

American Products
Mad: 10208 General Dr.
F1 32824-8521
H. Wesley Lear
Dsck Moore
Vickie Sayior
PH (407) 859-1322
Fax: {407) 859-7622
Toll-Frée 1-800-223-1795
Emp: 20
Swamming pool & spa equipment

Ortando

Export

3949

American Systems Products inc.

Mad: 215 Candace Dr. Mastland
F132751-3359
PH (407) 774-4074
Emp: 9
Semuconductor & related devices 3674

American Testing Laboratories
TEC, Troy, Mich
Mail: 1650 Acme St. |
Fi 32805-3670
P Raiph Brown
PH (407) B43-1310
Toh-Free: 1-800-940-1310
Emp: 25
Commercial testng labs

Orlando

8734

Analysis And Technology, Inc.

Mai: 3670 Maquwe Bivd. Sute 102
F1 32803-3720

Susan Vamadoe

PH (407) 894-4767

Fax: (407) 8944878

Emp: 7
Ineractve courseware mnmr
Video producnion for trmnng

7371
7812

Anderson Fumiture Mfg.

May: 4690 Oid Wunter Garden Rd.
F132811-1799
Harold A. Anderson, President
Heten Mane Anderson, Vice Pres.
PH {407) 293-6797
Emp- 3

Wood household tumiture
Upnolstered solas & chaws
Matress & box spnngs

S 2511
2512
2515

B-184

Anderson’s Can Line Fabrica

Equipment Co.
Suliwater Ave & SR 437
Mat: P.O. Box 116
Ocoee, Fi 347610116

Jon V. Anderson
James A. Cascareth
PH (407) 8B89-4665

Emp: 15 N
Can kne equspment & conveys:
Fabnecanon

Andrea Quality Cheesecake

Maid. 6020 Edgewater Dr.
F1 328104801

Angelo Mantrede, Owner

Tosca Mantreds. Co-Owner

Andrea Whitehouse

PH (407) 291-2490

Emp. 4

Vaneties of cheesecake

Baked wedding cheesecakes

Dek items

¥

Ani Arts Studio

Mail 6109 Hialean St
f1 32808-6066
PH {407) 990090
Emp
{computer syswms consull/ant
ing) -
{data processing services)
{computers - software & servic.

Anthony Custom Controls, |.
Mai. 6888 Silver Star Rd
F132818-3123
william Anthony. Vice Presiden
PH (407) 2950486
Emp- 4
{control manulfacturers ndusir,

Application Systems Intema
500 Winderley P1, Swie 111
Mal: P. O. Box 948076

F1 32794-8076

Robert L. Naugle, President
S. G. Crocker
PH (407)875-1112 »
Fax' {407) 845-1063 .
Tol-Free: 1-800-255-2581

Emp: 10
Batch sves, IBM mud-rnge hray:
dala procsng sves
On-tne bme shanng services
Fuxed assets mngmt. software
Consulting - DP sernces

Appilied Combustion Technc

Mad 2050 S Orange Blossom
Fi1 32703-7759
Michael Varney
PH (407) 889-7337 Ex
Fax: (407) 889-2228
Emp: )

Explosives design & testing
Product kabiity analysis

Applied Computer Techniqu-

Mal: 3914 Dekalb Dr

F1 32809-1424

Lenara J. Persin

Tin Lanver
PH (407) 851-2525

Emp- 5
Resaarch & development-elect
Mxcro compuier based product
desgn
CAM/CAD servces / PCB layo.
eic

Applied Technology Assoc.
Mai. P.O. Box 143434
Fl 32814-9434
Aaber Cavallen
PH (407) 894-6151
Emp. O
Aevrospace res. & devel.




5 BY COUNTY (ALPHABETICAL WITHIN COUNTY)

s, Inc.
Orange Ave
O Box 7725
. 12854
Robwison Jr, President
rch : -
) 898-2808 Expont
7} 898-1674
1-800-248-2808
28
na & prnt merketing lor
leiswe
heverage and
‘ment indusines

Oriando

2759
2099

s Press, Inc.
24 Forsyth Rd.
12807-5292
) Cowart, President
‘e Cowart, Secretary
') 677-5533

37

nt., design, kthography 2752

ledical Corp
06 L B MclLeod Rd Ste F
32811.5664
? Kennedy
- P. Gnggs
') 841-2115
150

equpment supphes
edith serwces

Orlando

3841
3841

swn Bbttiers Of Chlcago

Division

101 L B. McLeod Rd.

32805-6698

ng. Mce Pres.

7} 841-3211
146

soft dnnks

Orlando

Export

aft Inc
dstreet Rd.
9 box 593848
32859-3484
1 Begley. President
G. Begley, Vice Pres
7 851-0309
17) 240-4854
2. 1-800-829-7231

50
moided rubber products,
s, bumpers

e

Professional Service
166 Ceriral Flonda Pkwy Orlando
32821-8772
1) 2390311

5
ter software svcs)

2653

7372

Voodbury, Inc.

150 A Edgewater Dnve Orlando
32810

Dobbs Jr.

ompson, Asst Mgr

712914114

27} 292-9627

2

ermcsl supphesipest contral, 2879
-wse)

465 Parkway Center Court

32808-1047 Oriando
- Erthel, Pressdent
- Ennal
'7) 295-5023

4
arcisl pnpng 2752
‘thng 2791
deegn 2759

SE, Inc.

Mad 11236 Satefite Bivd.
F 32821-9222

Edward: Strong, President
Edna Ayers, Off Mgr

" Geraid Kopp, Pur Agent
PH (407) 859-9317
Fax: (407) 850-6978
Tol-Free: 1-800-344-6319

Emp: 45

Paracinite ssm & relsted
components

Ortando

tmport & Expon
2399

Charles E. Sackett Machine Shop, Inc.
5500 Oid Winter Garden Rd Orlando
Mad: P. 0. Box 616580

Fl 32861-6580
Charles E. Sacket
PH (407} 298-5540

Emp: 17

General repar shop 3599

Sardee Of Florida

Sardee Industries
Mal: 2211 W Washington St.

Fl1 32805-1295
S. Sarovich, President
B R. Juskie, Vice Pres.
PH {407) 295-2114
Emp: 23

Depaligtizers
Palietizers
Conveyors

Ortando

Export

3569
3569
3535

Sawtek, inc.

1818 S Hwy 441

Mail: P. O. Box 605901
Orlando. FI 32860

Steven P. Miller, President

PH (407) 886-8860

Fax: {407) B86-7081

Emp 122

Micro efectroncs components

R & D on electronccs .o

Surtace sccoustical wave filters

Apopka

Import & Export

3674
8711
3679

Schau Associates
Mail: 6312 Sugarbush Dr
Fl 32819-4515
PH (407) 352-1716
Emp: 5

Research & development lsbs 8734

Schwartz Electro-Optics, Inc.

Mad: 3404 N. Orange Blossom Trail
Ft 32804-3498

Wikiam Schwartz, President

Tim Geltz, Mitg Mgr

Zelma Slusser

PH (407) 298-1802

Fax: {407) 297-1794

Emp: 10

Export -

3369

9eapon simuistor systems
Soid state & tumtable lasers 3699
Laser rangefinders 3699

Science Applications Intemational
Corporation (SAIC)
Mai. 3045 T

F1 32826-3299
Beverly Kitaoka, Oper Mgr
Charley Bmney Dwsion Mgr
PH (407) 282-6700

Pkwy  Oriando

Emp: 75
Computer relsted services/traming 7379
programs
Computer software/artificial 7379
intehgence

-
A. C. Scott Construction & Paving
Mal 2730 Forsyth Rd. Winter Park
F 32792-8672
A. C. Scott, Owner
PH {407) 671-8721
Emp’ 12
Asphalt paving

2951

0. M. Scott & Son
1151 € Oak Street

-4 Mad: P. Q. Box 2187

F132704-2187
Wayne Mxson
PH (407) 8894200 -
Fax: (407) 889-2201
Emp: 5

Research isb 8734

, N

Sesly Mattress Company
11220 Space B\vd.
Mad: P. O. Box 590049 *

F1 32859-0049
Lou Sammartano, Pt Mgr
Gordon Jones
PH (407) 855-8523

Emp: 135

Mattress & box springs

Oriando

Export
2515

Seglo Pajnts Manufacturing Company
70 East 4th Street
Mail: P. O Box 821296 !
Oriando, F1 32862-1296 -

Bt Macias
PH (407} 855-4064 :
Emp: 4 !
Al type of pants 3952
Indusirial costings 2851
Senninger Irrigation, Inc.
Mai: 6416 Old Winter Garden Rd.
F1 32811-1399 : Oriando
Andy Healy, Pres
PH (407) 293-5555 Export
Emp: ‘65 . :

. Agrc. spriniders 3494
Pressure reguistors 3494
Threaded pipe fittings 3494

Sentinel Color Graphics
Mai: 633 Orange Ave. N. Oriando

Ft 32801
Bill Ireland, Camera Mgr
PH (407) 420-5622
© Emp 34
Color separation, typographical wk 2791

Sentinel Communications Company
Tribune Company, Chicago
633 N Orange Avenue
Mail. P. O. Box 2833
Fi 32802-2833
Harold R. Lifvendahi, Pres /Pub.
William Steiger, VP/Ow of Adv
Geraldne C. Daws, VP/Dir Hum Res
PH (407) 420-5000
Fax: {407) 420-5661
Emp: 1.553 ’ '
Newspaper pubkishing & printing
Daly newspaper
Commercial printng

Orlando

2711
2759
2752

Sewell Plastics, Inc.
Mad: P. O. Box 593452
Fi 32859-3452
Bob Lsppi. Reg Opr Mgr
Steve Groves, Opr M
PH {407) 855-2721
Emp: 198
Plasnc contsners

Export _
3089

Shaver Associates Inc
Mai: 717 N Magiotis Ave
Fl 32803
C.A. Shaver, President
PH {407) 423-1213
Emp: 8

Cormputer software 7372

Ship Analytics, Inc
Mai: 1177 Louisisnna Ave., Suite 208

F1 32789-2352 Winter Park
Jim Duwe
PH (407) 644-8821
Emp: - 9
Busmess consuiting services 8748
interactrve coursewere 7372

n <N

ORANGE COUNTY

Shirt Farm
2410 Cookde Avenue
Mat: P. O Box 2338
Winter Park, F1 32790-2338
Graham Jackson, President
PH {407) 629-1040
. Emp: 12
. Pnnted I-shirts
Prnted sportswesr

Oriando

2752
2752

Siegfried, Inc/dba PDQ Instant Print -
Mait: 2600 E. Robinson St. Oriand®’™
Fi 32803-5824
Joan E. . President
Steven C. Siegfried, Vice Pres
PH (407) 894-2521
Fax: (407) 895-5028
Emp: 10
Commercial printing
Copyng & duphcaing

Silicon Graphics, Inc.
Mal: 900 Winderley Place, Suite 130 -
F132751-7229 Maitlend -
Russell patten. Brch Mgr
PH {407) 660-0073
Fax: (407) 660-8981
Emp: 1

Computer graphic workstations 8711

Silver Springs Citrus Cooperative

Mail: P O. Box 771046  Winter Garden
F134777-1046 - )

Duke Crttenden, President

Bill Youngblood. Exec VP

Phil Tope, Vice Pres

PH (407} 656-1122 Import & Export

Emp: 150

Froren orange juxce concentrate 2037
* Single strangth jsce 2037

Citrus by products 2048
Simcom Systems Inc

427 Prmrose Drive Oriando

Mai: P. O. Box 19284
Fi 32814-9284
Bruce H. Campbeti, President
Bill Maxey, Train Dir
PH (305) 896-8799
Emp: 20
Electronic computing equipment
Computer related services

3571
7379

Sinco Engineering Co
Mal- 4317 Bradiey Ave.
Fi 32809-1417
PH (407) 855-8702
Emp: 9
Rado & v communicahon equip

Orlando

3663

Smafl Business Computer Software
Mail: 1236 E Colorial Drive Orlands, *
F1 32803-4702
Theodore Owens, Owner
PH (407) 422-7855
Emp: 6 - -
Computer softwers 7372
Smyth Lumber Company Roof Truss
Division
Mai: P. O. Box 7399
Fl 32854
Donaid J. Smyth, President -
James R.Smyth, Secy/Treas
PH (407) 299-1522
Emp:
Roof trusses
Fioor trusses
Structursl wood besms

Ortando

2439
2439
2439

Software Design Group, inc. {SDG)
Science Applcatns int’l Corp (SAIC)
Mail: 450 N Lakemont Avenue

F1 32792-3102 Winter Park
PH (407) 857-1300
Fax' {407) 657-9823
Emp: 27
Computar softwere spphcstons 7371




ORANGE COUNTY

ECC international Corp.
5882 §. Tampa Averwe
Mad: P. O. Bax 598022

F1 32859-8022
George Frye Jr, Exec VP
PH {407) 859-7410
Fax: (407) 851-1871 _

Emp 750

Swnuianon raning equipment

Qrianda

Export

EER Systems Research Park
Mad: 3290 Progress Dr., Suite 165

Fi 32826-3279
PH (407) 281-1935
Emp- O

Space research and technology

EMS Development Corp.
Mai. P.O. Box 140313
F1 32614-0313
A. Kunen
"PH (407} 647-1807
€mp. 120
Trarung sirmukators

Earth Station Services
Mai- 2323 Margen Road
FI 32703-6928
Charles Rala
PH (407) 889-4550
Emp: 4]

Space research and technology

Estonville Diversified, inc

Mail: P. 0. Box 2185
F132751-1999

Natharwel Vareen, President

Mark Vereen, Sr. V.P.

PH (407} 628-2109
Emp: 4

Capinets

Al types wooawork

Fioonng

9661

Oriando

Export
) 8731

9661

Eatonvile

tmport & Expont .

2541
2431
2426

Electrasol Laboratories Inc.

Mai. 2326 Feiding Wood Rd

F1 32751-3659
Harald Dessau, President
PH (407} 8314181

Emp: 2

R & D, smuisuon and tesang labs

Electric Specialty, Inc.

Mad: 1240 W. Landsireet Rd.

F1 32824-8029

Larry B, Moms
PH (407) 855-9486
Fax: (407) B51-3514

Emp: 33
Process control panels
Heat pump, ground source
Pump control systems
Power systems

Manland

8731

Oriando

Export

3625
3585
3561
3621

" Electro Chromium Company
Mal. 549 N. Orange Blossom Trai

Fl 32805-1437
Arthur Manneau, President

Ruby Martneau, Vice Pres/Sec

Glenn Martneau. Vice Pres
PH (407) 425-2217
Emp: 5

industnal hard chrome platung
Pokstung

. Electro Optics Inc
Mail. 3535 Forsyth Rd
F1 32792-7422
PH (407) 678-2767
Emp: 0
Opucsl nsirument & lons
manufactuser

Electronic Security, Inc.

Mai 1331 W. Cantral Bhvd.

fi 32805-1794
Troy M. Deal. Preswent
Bran Vancata, V.P Mkig.
PH {407) 849-6426
Emp 15
.Compiete secunty systems

3471
3541

Winter Park

3827

Ortando

Export

3669

3669

.

'FIRMS BY COUNTY (ALPHABETICAL WITHIN COL

Emulex Corp
Mad: 1093 S Semaran Bivd  Winter Park
Fl1 32792-5502
PH (407) 679-2550
Emp: 10
Computing equipment elecironcs 3571

Encore Computer Corp
Mad: 3165 McCrory Place, Sute 135
Fi 32803-3727
Rabert Kotlar
PH {407) 898-2741
Fax: (407) 894-8973
Tol-Free: 1-800-432-1825
Emp: 7
Computer related sarwces not
sisewhere found

7379

Engineering Technology, inc.

Mai: 3275 Progress Dv

Fi 32826-3230

Paud Morgan, President

Decuse Danvels

PH {407) 281-1948

Fax: (4Q7) 275-1630
20
Design of mecharucal mecharisms -
3572Fiud mecharucal test devices
Camputer analys:s
Testing services

Orlando

8742
8zt
3577
3825

Erie Crate & Mfg Co
Mail: 780 Central Fioria Pkwy.  Orlando
F1 328248557
Vuiginia VanGeem, Pres
Jim Golembeski, VP/ Pit Mgr
PH (407) 855-5934 Export
Toli-Free: 1-800-426-8981

Falkner Inc.

1621 Alden Rd. Oriando
Marl: P. O. Box 873
Ft 328020673
James H. Falkner. President
PH {407} 899-2541
Emp: n
Sheat metal spec. - .rmuecrud
Ventiation

3444
. 3634

' Farco Plastics Supply, lnc.

Orando
import & Expont

Mal: 1012 Sigh Bid.
Fi 32806-1029
PH (407} 422-6644
Fax: (407} 422-7387
Toll-Free: 1-800-243-2726
€mp- 6
Plastcs supply centers; sheet's 3081

2869

Fasco
Mal: 2141 W Cenual Blvd
i 32805-2166
LR. Amenne, Chawman
PH (407) 291-2556
Emp: 0
Samwconductors

Orlando

3674

Faulkner Plastics, Inc.

Cadillac Plastic & Chemical Co.
Mai: 480 W. 271h Sueat

F) 32806-4487
Barry Burczyk. Branch Mgr.
PH (407) 422-5136
Tol-Free. 1-800-444-5136
Emp: 9

impon & Expon

Emp: 35
Plasucs: Shesl, Rod. Tube & Fim 3081
Pastc crates 3085 pracic Fabrcation & Desgn 3089
Skybghts, Vac. Forming 321
Executive Press, inc. Polycarbonate, Acryc & Nyon 2821
Mad: P. Q. Box 555007 Orando
Fi 32855-5007
D. R. Brownles Fay Tool And Die, Inc
PH {407) 422-3024 Mail: 5925 Precision Dr. Oriando
Emp: 40 f1 32819-8396
Commercisl pontng 2759 Oougias N. Fay, Presdent
Gene Brassier
Expert Applications, Inc. Preison 3y 18
Mail: 2438 Wekiva Ridge Rd Apopka Precision/CNC machinng 3599
£ F1 327124043 Dve making pgs & fixtures 3544
Mg 50N
b (43'7‘60" 5694318 Mactuung of arcraft pans 3728
Emp: 2
g“”" "':f""" %‘;; Fergua:'.on & Ferguson Sys. Corp.
Tiarwng & samulston 8736 Mak \31ANL feoerson St Onando
Markenng & propossl consulnts 7371 C. R. Ferguson, Pres/Gen Mgr
PH (407} 422-2362
Extrufix, Inc. Emp: 10
Mad: 4542 L. B. McLeod Rd. Unit E Telgwsion salelites 3661
FI1 32811-5667
Frank McNerney, Presigent
PH (407) 648-0755 Fiber Optic Cable Corp. .
Emp: 4 » " Mai 1666 Prowdence Ct. Oriando
Iryecuon mokding 3089 F1 32818-5624
M A Achareka
FLM Building Products, inc. Promee:cs a ber opixs 2829
850 S Hughey Ave Orlando
Mal: P. O. Box 5683
F1 32855 <t
Mxe Edwards, Prasident Fidality Press, inc.
PH (407) 843-6600 impon & Export  Mat: 849 Tnumph Coun Ortando
Emp 95 Fi 32805-1281
Witson art 2675  Joe Trveh. Owner
Pywood and particie board 2435 P 1407) 297-6484
Lugber 2421 Fax: {407) 298-5083
. Emp: .30
Commercasl & kthographic panting 2752
FMC Airtine Equipment Divislon
FMC Corporation .
Mai: 7300 Presidents Dr. Orando  Finfrock Industries, inc.
Fl 32B809-5696 Mal: P. 0. Box 607754 . Orlando
 Jarry Sipley Fi 32860-7754
Tim Roverts Roben D. Fnfrock Ji, Pres
Arthur Betnger Jerry D. Setiers, VP/Sis
PH (407} B51-3377 impant & Expont PH (407) 293-4320 Import
Emp- 350 fax: (407} 2970512
Ax cargo loading equpment 3731 Emp. 54
Axna ground support equipment 3669 Prestiessed concrels products 3272
B-190 -

Fire Out Systems, Inc.

Mad: 412 Pedmont
F1 32806-1021
Russet! Dupree, Present
PH (407) 422-7767
Emp: 10 .
Stanless/gaiv steel (ange haou

Fish Finder industries
Mad. 1233 W. Jackson St.
Fi 32805-2270

Harold F. Hall, Prasident
Ted Ensmunger, Vice Pres
Al Baley. Comp
PH {305) 4250045

Emp: 18 o
Photoscraening®

Flav-O-Rich
Madl: P. Q. Box 5487
F1 32805
Einer Gans, Plant Mgr
PH (407) 843-5060
Emp: 1%
Mk
ke cream
Davy praducts

Florida Admmnstralors Inc.
Mai’P.0 "Box 20173
Fl 32803

Roy Mor

PH (407) 894-5171
Emp: 7

Computer ralalod sances ne

Florida Brace Corporation
Mad: P. O. Box 1299
F} 32790-1299
Ben B. Moss. Pres/Owner
PH (407) 644-2650 E.
Emp: 17
Spunal traces & collars

The Fiorida Cathalic
321 Hiiman Avenue
Mad: P. O. Box 3551

F 32802-3551
Fr. Oawd P. Page
Henry P. Libersat, Jr.
PH (407) 423-3438
Emp: 16 R
Newspaper publistung

Florids Coca-Cola Bottling
Canned Products Div.
Mad- 2900 Mercy Or
Fi 32808-3810
Jack E. Thomas, Manager
PH {4027) 295-9290
Emp: 52
Canned soft dnnks

Fia. Generator, Inc.
Mai: 6200 E. Colonsal Dr.
Fi 32807-3647 ’
Dan Chuishoim
Ron Sauth
PH (407) 277-5200 1.
Emp: 18
Ahemarors & siarters

Florida Informanagement !
P.O. Box 1547
Mad: Po. Box 1547
F1 32802-1547
W. Harry Shuman, President
PH {407) 8411712
Emp: 213
Daua proc mng

Florida Matal-Craft inc.
47 S. Dilwg Street
Mai P. 0. Box 771196

F134777-1196

R. L. Burnett, President
T. T. Burnett, Vice Pres.
PH (407) 656-1100
Fax. (407} 656-6970

Emp. 14
Machne & sheet mersi st
Shoar, brake & rol
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ORANGE COUNTY

Kraft, Inc./Dairy Group

FIRMS BY COUNTY (ALPHABETICAL WITHIN

Laser lonics, Inc.

Kraft, inc. Trimedyne, Inc.
Mail: 1945 Traylor Bivd. Orlando Mail: 701 S. Kirkmnan Rd. Orlando
FI 32804-4713 FI $2811-2090
Mack Pleieones Wilkam J. Newell, Exec VP/Gen Mgr™
PH {407) 422-9873 Drew Nelson, Sis Mgr
Emp: 16 Helen L. Talben, Exec Sec/Pers
ice cream 2024 PH (407) 298-1561 Export
Cultured dairy products 2023 Fax: (407) 29741687
: Toll-Free: 1-B00-822-1561
. Emp: 19 .
Jim Kragh & Associates, Inc. Argon/ion gas lasers 3829
Mail. 218 Jackson Sirest Maitland Krypton on gas lasers 3829
Ft 32751-5570 Photogynamec therapy laser 3829
James Kragh, President Syslems
PH (407) 629-0304 Naon lasers 3829
Fax' (304) 222-5520
Emp 23
gg:gn - electncal & pumbing 3585 Laser Photonics, inc.
Mail. 12351 Research Parkway  Orlando
Fl 32826-3297
La Flor De Mexico inc 248& :::uhala
Mal 270 W. Plant St Winter Garden atty sner
£1'34767.3012 ter Garde PH (407) 2814103 Expon
Rene Serrano, President Emp. 80
Edwin Serrana, Vice Pres Lasars for medcal usas 3845
Gerardo Serrano. Vice Pres Lasers for gaennhc uses 3845
PH (305) 656-4317 Lasers for mdustnal appiications 3845
Emp 36
Toruiias/iaco sheils/mexcan pastr 2099 .
Lawton Printers, Inc.
La Providencia Bakery, Inc. Mad: 2000 Siver Star Rd. Oriando
. FI 32804-3357
Mal: 270 W Plant Street  Winter Garden Ces Lawton, President
Fi 34787-3012 '
Jeff Heslep. Gen Mgr
Rudolgh Onegsae.cl;rres-denl PH (407) 293-8131
Lucy Orntega, reas .
PH (407) 6564317 iraadt 290-6570
Emp: 13 Offset pnting 2752
Mexican breads 2051 L arterpress prnung 2759
. LaBerge Printers, Inc.
Mal 1328 W. Church St. Odando  Lazerdata Corporation
: Fl1 32805-2493 Mail: 2400 Dwersihed Way Orlando
Richard LaBerge Fl1 32804-4707
Larry Cowant Michaal G. Rewd
PH (407} 8564551 PH {407) 843-8975
Fax: (407) 425-6291 Emp. 44
Emp 26 Laser bar code readers 3823
Prinung 2759
Lambert Corporation Of Florida Lebruno
Mail' 20 N. Coburn Ave. Orlando Mait. 10901 Rhema Rd. Oriando
Fl 32805-2198 - Fi 32821-9278%
Roger D. Meyer, Prasident Dr. Mark D. Mosher, President
PH (407) 841-2940 °  import & Expont Mr. Jeft L. Recker, Exec. V P.
Fax: {407) 839-1890 PH (407) 855-1290
Toll-Free: 1-800-432-4746 Emp: 61
Emp. .12 Alum. products for homes/ 3479
Spec. pants for construction 2851 mobi_homes
Spec. conslruction chemicals 2819 Awning and screen enclosuras 3444
Pvc wandows . 3999
Lamp Plants & Such, Inc.
Ma",: 3027%‘:33922 - fPOPk2 | e Contact Lensa Lab Inc )
C. Bartlett . Mail; 214 E Marks St . Orlando
Wendali Bartiert Fi 32803-3819. :
.
- PH {407) 886-8419 Export PH (407) 8416227
Emp: 3 Emp: 8
Touch sensitve lamps with planis 3645 fophthalmic goods manutacturers) 3851
Lanman Lithotech, inc. . Lee Laser, Inc. ’ ,
Mail: 21 N. Texzs Ave. Odando " ppat: 3718 Vineland Road Oriando
Fl 32805-2162 Fi 32811-6438
T. Halter Cunrungham, President Chang Lee. President
Dever S. Pedlay, V.P./Secy Robert L. A Schncker
PH 1407) 293-3580 PH (407) 422-2476  Expon
Emp: 32 ' Fax. (407} 839-0294
Color seperatons 2796 o Emp: 20 .
: " Lasers 3911
Laser Applications, inc./div Raao & "‘W"‘"’ 3663
Lasermetrics Inc. oqupment
Mad: 12722 Research Pkwy Orlando
Fi 32826-3227
Robert Goldsten, President T. G. Lee Foods, inc.
Joseph Salg, Exec VP : Mad- P. O Box 3033 Oriando
PH {407) 380-3200 Import & Expont Fi 32802-3033 ,
Fax' (407} 381-9019 Darryt R. Mahan_ V P [Treas
Emp. 45 PH {407) 894-4941
industral lasers 3669 Emp: 350
Scenuic lasers 3812 Dawy products & muk 2026

-Lewnatco, Inc./dba Pickett Printing

Mai: 6210 All Amerncan Bivd.
F1 328104739

Lews D Paroune. President

PH (407) 298-1380

Fax: (407) 292-9063

Emp. 10
Offser pnnting 2752
Lertarpress pnniing 27538
Lindberg Heat Treating Co. _
Orlando

Mad: 316 S. Hughey St
Fi 32802
Leo Thompson, President
N. Thomas Heid, Dv Mgr
PH (407) B43-7145
Emp. 40
Haeat treat fermous/nonferrous metal 3312

Linear Machine Company

Mail: 7024 S. Orange Ave. Orlando
1 32809-6096
Donald N. Emanuel, President
PH {407) 851-4680
Emp: 8 i
Maetaiworking machuinery
Tools & dies

3549

Link Development Corp

Mail: 7617 Narcoossee Rd. Ortando
Fl 32822-5541 .

Rabert Simpson, President

Harns Spnger, Plant Mgr

PH (407) 2774300

Fax: (407) 282-6895

Toll-Free' 1-800-3627-4030

£mp: 15
Goif ctubs

Import & Export

3949

Liquid Air Corporation

Mad: 3010 Eunice Ave
Fi 32808-3199
Randy Welter
PH (407) 293-7951
Emp: 9

Oxygen, nitrogen, argon 2813

Liquid Carbonic
Mad: 403 Zell Dr.
Fl1 32824-7633
Jay Legear, Dist Mgr.
PH {407) 8514711
Emp: 7

industrnial & speciaity gases 2813

Lite Steel Fabricators, Inc
Mail. 11929 S Orange Biossom Tral
Fi 32821-9252
John Pawlack Jr, Chrm/Pres
Wiliam Gillooly, Vice Pres
Gavelle Pawlack, Sec/Treas
PH (407) 859-7004
Fax: {407} 857-8647
Emp: 28

Sttt steei/meial swars/handrals 3441

Litho Prepsters, Inc.
Mad: 711 W. Calorual Dr.
Fi1 32804-7309
Don M DeBorc, Presigent
PH (407) 841-1211
Fax: {407) 8390865
Emp: 12
Lithographic aser color separations
Lithographuc stnpping
Composed him neg or pos
Proofing cromaims, maich prnts &
color ksys

2752
2752
2752
2752

13
Litton Laser Systems
Mai: P. O. Box 7300
F 32854
M.R Yeager. Presdent
PH {407) 2954010
Emp. 481

Laser systoms 3826

R-194

3544
).

Litton Systems Inc

Mai 2787 S Orange
F1 32703-4397
PH (407) 297-4785
Emp: 250
Enguneenng & scientii
nstruments '

Lofar Corporation

Maid: 101 £. Copelan.
F132856-0325

€. L Famar Jr

PH (407) 4234499
Emp: O °

Modcd software

Ostributor meaical ha

software

Horneheaith agency s.

Lombardi's Seafood.

Mal: 7491 Brokerage
Ft 32809-5633
Anthony Lomdards
PH (407) 859-1015
Emp. 100
Fresh and lrazen seal.

oty's Concrete Proc

429 N Hennis Rd
Mal: P 0. Bax 7712
FI 347771255
Johnrue P Lott, Pres:..
Jerry Lott, Vice Pres.

.PH {407) 656-2112

Emp: 41
Concrete kniels and s

Ludium Associates (

1815 E Colonal Dr.
Mail. P. O. Box 5362
Fi1 32853-6274
Mike C. Jenkins -
Gerald Rehbein
PH (407) 894-7761
Fax' (407) 898-561¢
Tol-Free. 1-800-625
Emp: 4
Industral controis
Avcralt parts & awuin

M & N Door & Trim

Mail: P. O. Box 7948
Fi1 32804
Ron C. Hardy, Exec.®
PH {407) 298-5600
Emp: 21
Prehung doors
Commercial holiow
hame

M & W Printers

Mad: P. O. Box 564
FI 32790-0564
Tomme Manuel
PH (407) 645-3536
Emp: 3
Commercial pnnung

MP Mar{ﬁfacxuring &

Mad: 2116 W. Cenur.
f132805-2131

Michael Paduta Jr. v

PH {407) 841-2653

Emp: 15

Cnc ming

Cnc lathe

Corvenuonal md!

MVAK Technologie:

Mal: 7101 President
F1 32809
Frank (wacona, Vice F
Paul McVey, Sales M
PH (407) 438-5700
Fax: {407) 438-057(
Tol-Free' 1-800-282
" Emp: 12
Vacuum pump rebusk

" Vacuum pumping Hur

Vacuumn pumps new
Fitars, hud, o
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ngraving Inc
Vechngan Oriando
64416
ad. Presdent
3-3239
horo-engravmg - 2796
mith Blueprinters, Inc
Drason Ave. Oriando
54794
th, Present
1-5944
3
2759
c.
wikway Center Court
3-1040 Orlando
-
1-6500
*8-0429
evelopment lsbs 8731
¢ South, Inc.
esidents Drve Oriando
l
eley. Presdent
.8400
1-1045
13
ns 2796
.
oration .
Bay St Wmter Garden
-2699
Presdent
o Pres.
4494 Import & Export
T1ed cassenes 3577
< 3577
records 2782
‘s, Inc
Orange Ave. Oriando
-6955
resident
eder, Secy-Treas
e Mgr
2552
2 tubs, varnty fops 3281
e 7
ics
- odcock Ad. Ortando
4899
g senaces 8748
e EMenor Or Orlando
4645
udent
1540
“non 3669
es, Inc
ehurst Dr. Orlando
9343
s. President
1. Sec/Treas
066
8262
3732
3732
3732

8Y COUNTY (ALPHABETICAL WITHIN COUNTY)

Marketing Connection/Florida
Mai. 7616 Sothind Bivd, Ste 100 .
Fi 32809-8500 Ortando
Leon L. Lebeau
PH (407} 855-4321
Fax: (407) 8554616

Emp. L1
Computer graphics - 7372
Businass meetngs 8748
Video production 7812

The Markham Company, Inc. )
Mad: 1184 Alden Rd. Oriando
F1 32803-2566

G P. Markham, Pres/Treas
Jessie C. Markham
Neme F. Rodgers, Vice Pres
PH (407) 898-8981 Import & Export
Fax: (407) 896-3090

Emp: 32
Miktary canvas items 2394
Awnings 2394
Tarpautins 2394

Martin Marietta Electronics & Missiles

Group
Sand Lake Road
Mai: P. O Box 5837
F1 32855

Aflan M. Norton, Pres
Geraid R. Langheim, PR Dy
Donsid T. Byrme. Vice Pres
PH {407) 356-2000

Emp- 11,200
Precision guided murtions
Awonics
R&D

Oriando

3829
3679
3769

Martin Marietta Information Systems _

Group .

Martin Mariatta Corporstion

6021 Rio Grande Ortando
Mal P.O. Box 590385

F1 32859-0385
Jack Cine
Robert Creech
Debra Henry
PH (407) 826-7000
Toll-Free. 1-800-237-4575

Emp: 1,058

Data processing serwces
Computmyg equipment electronic
{computer systems consult/ants/
ng)

7374
3577
7371

Maruka Machinery Corp. Of America

Mail: 4207 SW 34th Street Orlando
F132811-6433
. Jim Hawdey. Gen Mgr
PH (407) 422-2284 fmport & Expon
Emp: 1
Cnc mactune too! 3541
£dm mactune 3541

Plastic injecton molding machmne 3089

B. B. McCormick Roofing Co.

2520 Vulcan Road Orlando
Mal P. O. Box 7155
Fl1 32804

Richard B. Dwvins, President
Donald Martucci, Vice Pres
PH (407) 295-0012
Fax: (407) 292-3913

Emp: 87
Roofing
Sheet metal

2952
3444

McDonald Air Conditioning, Inc

Mail: 2481 Dineen Ave Orlando
Fi 328044289
Dave Webb, Gen Mgr
PH (407) 2950220
Emp: 30

Shest meatal lsbncaton 3449

McDowell International Packaging
Systems, inc.
Mail: 5505 Carder Rd.
F1 32810-4752
Jarmd E. McDowell Pres
George W. Oglesby. Exec VP
PH (407} 291-2817 _  Export
Fax- (407) 293-7054

Oriando

Emp- 50
Carton erector & sealer machine, 3559
drop packer L
inverted bottle packer 3559
Frve gaflon fuk bottie losder 3559

Bortie packer empty/lA, top sesler 3559
machwne .

McMahan Electro-Optics/Engm.
Dept.64
Mal: 2160 Park Ave N.

FI 32789-2310
Barbara G. McMahan, Ceo
Dr. Robert Hal
Mel Cail .

PH (407} 645-1000 fmport & Export
Fax: (407) 644-9000

Emp: 10
Sciennfic lasers
Eng services for laser systems
Myitary lasers

Winter Park

3821
8711
3829

Med Genetics Disgnostic Lab
Mad: 807 S Orlando Ave Suite S
Fi 32789-7145 Winter Park
Peter H. Kohn, Phd
John W. McReynolds, Md
PH {407) 628-0744
Emp: [.]
Cliniced genetic resting r&d lab 8734
Maedia Design Group Inc
Maid: 1133 W Morse Bivd
FI1 32789-3768
PH (407} 628-1755
Emp: 35
(business services nec/
(computers-graphics}

Winter Park

8742
7371

Melaboard Corp
Mad: 6930 Benture Cir.
F1 32807
Thomas Potchen. President
PH (407} 671-6065
Emp: 15
Lammating machinery

Ortando

3559

Meldeau Aircraft Inc
Mail. 2270 N Semoran Bivd
Fl 32789
PH {407) 657-2326
Emp: 10 -
{srceatt manutscturers)

Wmter Park

3721

Melweb Signs/Orlando Div.
Mail- P. O. Box 547916
Fi 32854-7916
Mark Hansen, Dist Mgr
Curt Long. P1t Supr
PH (407) B49-6150
Emp- 30
Elec. signs. service & instaliation

Oriando

3993

Maercer Products Co., inc.
Mait: 4455 Dardanelte Dr.
f1 32808 :
Christopher S. Parge, VP/Gen Mgr
Cyrus H. Thomas, Plant Mgr :
M. Kay Graham, Controller
fmport & Export

Ortando

PH (407) 578-2900

Fax: (407) 578-2888

Toll-Free: 1-800-447-8442
Emp: 15

Pwc & misc. plastic products 3089

Mercury Printers, Inc.

Mail: 1010 Virgmia Dr.
Fi 32803-2576
Murray Schwartz, President
Richard Schwartz, Vice Pres.
PH (407) 894-5963
Emp: 13

Com’l quick penter 2759
Larrwnantng 2891

B-195

ORANGE COUNTY

Merita Division - interstate Brands
Corp. .
2200 S, Dmsion
Maid: P. O. Box 233

Fl 32802-0233
A. L. Brewer
R. D. Waich, Contr :
Joe Crachowsk .
PH (407} 843-5110
Emp. 600 .
Baked goods - bread, rolls, cake

Orlendo

Meyers Bakeries, Inc.
Mai: 11321 Satelite Bhd.
F132821-8494
Moe McGray. Plant Mgr
PH {407) 859-2006
Emp: 55 -
Bread & rolls

Micro Engineering Inc.
Mail. 1428 Semorsn 8Md.
F1 32703
Lany Laforest, President
PH (407) B86-4849
Emp: 6
Microelectronics & smd hybrid
computing systems '
Weapon simulators
Medicsl

3571

8731
3841

Microlab, Inc.
Mad: 6239 Edgewater Dr Ste A-1
F132810
Norman S. Himes
Robert Madden
PH (407} 297-1274
Fax: {407} 297-3566
Emp: 15
Computers-software & servwce
Computer systerns consult/ants/

7371
7371
ng .
Computer software for banking 7371
finance .

Consuitmg - genersl 7371

Midstate Legal Supply Company
Mal: P. 0. Box 2122 Oriando
F1 32802-2122
Dawd G. Andreone
Wm G. Newsom, Jr.
PH (407) 299-8220
Emp: 39

Engravng, prnting 2759

Mike's Print Shop-
Mad: 1241 Miler Ave
Fl 32789-4876
Mike Schuermann, Owner
PH (407) 647-0060
Fex: {407) 628-1203
Emp. 9
Offset printing

Winter Park

2752

Miller Machine & Parts Co
Mai: 325 W. Central
F1 32801-2587
Ward Keys, Owner
PH (305) B41-3460
Emp: 10

Automotwe machine shop 3559

Miller's Custom Kitchens
Mai: 102 W. Crystal Lake St.
1 326806
Robert H. Maler, Owner
PH {407) 4250761
Emp: 4 .
Custom cabinets

Orlando

2434

2051

1

ey
= 2
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- Cast won & steel grates

ORANGE COUNTY

Mills & Nebrask
Central Florida Lumber & Supply

1602 N Mills Avenue Ortando

Mail. P. O Box 536548
F1 32853-6548

Tom Pulsifer

. Grant Malchow

PH {407) 896-3333

Fax: (407) 897-3821

“Emp: 130

Rool & Roor trusses

Hollow metai door

Pre-hung wood doors

Lumber & tnm

2439
2439
2439
2421

Modem Metal Mfg, Inc

Mail: 20 N Nashwille Ave.
F1 32805-1796
irwin Wittick, President
PH (305) 843-3156
Emp 40

Elecirorwc sheet metal housing 3499

Modermn Welding Company, Inc.

1801 Atlanta Ave Oriando
Mail P. O Box 568678
Fi 32856-8678

Haskell B Pedigo, VP/Mgr
PH (407) 843-1270
Fax' (407) 423-8187
Toli-Free' 1-800-641-6789

Emp. 75
Petroleum nd. tanks-plate, forglss,
coated, alioy '
Warehouse steel
Steel plate fabncaton
Oreage ponitoons. ppe

Import & Export

3443

3313
3441
3531

Mom’s Best Cookias

Mait: 6995 Veniure Cir.
F1 32807-5380
J Wayne Jones, Pres
PH {407) 678-8767
Emp. 50

Coolues and cakes 2052

Monco Of Orlando, Inc.

Mai: 6800 Hanging Mass Orlando
Fi 328075327

Thomas M Potchen

John Wilkamson

PH (407) 671-6065

fax (407) 678-2102

Emp: © 20
Hot rok larunanng systems
Edge twustung equipment

Import & Export

3559
3423

Moore Business Forms & Systems

Division .

Mail' 3165 McCrory Place, Ste 180
Fi 32803-3011 Odando

Barry L. Mesiel, Dist. Mgr.

PH {407) 896-7334

Fax. (407) 898-8056

~~ Emp. 11
Business forms & systems 2759
3579

Forms handing equepment

Maore Foundry & Machine Co. Inc.

Mait: 133 W. Kaley Ava. Orlando
Fi 32806-3938

Ceci Moore, President

Jon Moore, Vice Pres.

PH (407) 422-9933

Emp 5
Manhole frames & covers, 3321
3446

Heavy machune work 3549

Moran Printing Co.

9125 Bachman Road
Mat P.O ‘Box 592068
F1 33859

Micheel R. Notsinger. Vp/Gm
Rotand B. Reemns. Vice Pres.
C. Roy Groover, Cniroller
PH {407) 859-2030
Fax (407) 826-5284
Toli-Free. 1-800-545-4778

Emp: 88

Commercal pnnting 2759

FIRMS BY COUNTY (ALPHABETICAL WITHIN COl

Morgan Industries, Inc.
Mail. 8230 El Prado Ave.

F1 32825-8298
Chester R. Morgan, President
PH {407) 277-3303

Emp: 13
Bax spnng frames
Wood stupping crates

2515
2449

Nabisco, Inc.
Mail: 2000 Drversihed Way
Fl1 32804-5108
B. A. Tiiman, Manager -
PH (407) 843-0320
Emp: 33
Bakery products 2051
Namco, Inc.
Mail P.O. Bax 14725
FI 32857
Albert Neveu, President
Barbara Maconnell, Vice Pras.
Curtis Neveu, Vice Pres.
PH (407) 277-2385
Emp: 35
{‘r-
soltware
Pra/CAD/CAM component/CA
Classiicaton & retneval

7371

Y

7374
7374

National Ambulance Builders, Inc.
Mail: 230 N Orntman Dr. Orlando
Fi 32805-1908
Idus E. Wilis
Forrest Cheek
PH (407) 299-0064
Toll-Free: 1-407-291-2224
Emp: 82
Ambulances
Light rescus veh.
" Wheeskchar casches

Export

3711
3711
3711

National Beverages, Inc
Div of Pepsico, Inc.

1700 Duectors Row Orlando
Mai: P. O. Bax 13889
Fi 32859-3889
Jim Keown, Vp, Gm
Paul Collins, Vp, Fin
Richard Amrozowac2, Secretary
PH (407) 857-3300
Emp: 367

Carbonated beverages 2086

National Electric Coil

Mail' 625 W. Pine St.

Ft 32805-1879
Ruchard Delelice, Plant Mgr.
PH {407} 423-0555
Tol-Free: 1-800-537-0435

Emp: 34
Reparr elec. motors & wansformers 3621
New motors 3621

National Sport Sales Inc.

Mad. 1270 Lakeview Dr. Winter Park
Fi 32789-5038 .
Peter F. Foly. President L
PH (407) 671-2930
Emp. 5

Tackle components 3949

National Steel Service Center, Inc.

Mad. 3510 Rio Visia Ave. Oriando
F1 32805-6696
Richard White, Pitfem Mgr
PH (407) 849-6170 impon & Expont

Fax: {407) B49-6174

Toll-Free: 1-800-432-9282
Emg 19 E -

Carbon steel Kat rolled

Buiding products

Alurminum

3312
3364

Jim Neal Signs, Inc.

Mail. 725 26th St.
Fi 32805-5428
Mary Neal, President
Jim Neal. vice Pres
PH {407) 4254242
Emp. 3

Commercal signs 3993

Neeley-Built Structures, Inc.
Mal 5250 Clarcona-Ocoee Rd.
Fl 32810-4056
wWiliam F Neeley. President
PH (407) 298-3822
Emp 22
Woaoden roof structures

Oriando

2439

The Newtrend Group
2600 Technoiogy Drive 2
Mail: 2600 Technology Drve

F1 32804-8094
Richard L. Warren, President
Ron Ballenger, Vice Pres
Susan Kuschner, Vice Pres
PH (407) 297-0870
Fax: (407) 292-2528
Emp 305

Banking sofiware, custom 7371
apphcatons

Orlando

Nina Plastic Bags, inc
7465 Presidents Dr.
Mat: P.O Box 593433

Fi 32859-3433
S L Sharma, Pres/Gen Mgr
Saush Sharms, Vice Pres
A K Sharma, VP/Pit Mgr
PH (407) 851-6620
Fax: (407) 855-3933
Emp. 65

Polyethylene him, bags & sheenng 3083

Export

Nolco Chemicals,Inc.
Mail 970 Eastbrook Bivd
F132782-3014
Scott Kenruson, President
PH (407) 671-8646
Emp: 3
Waste water ireatment chemwcals

winter Park

2899

Norman Engineering Corporation

Mal: 25679 N Orange Biossom Tras
Fi1 32804-4808 Orlando
Anne Belderes
PH (407) 425-6433
Fax: (407) 649-9171
Emp: 7

Precision mactune parts
Prototypes
Mii--45 208 inspection systems

Expont

3599
3544
3669

North American Transmission
Mal: 2119 W. Ceniral Biva.
F1 32805-2130

Dayton W. Babcock, President
PH (407) 849-0400

Emp: 5
Autonobile and truck
ransmssons

Orlando

3714

Odhner Holographics

Mai' 833 Laurel Averwe
Fi 32803-4009

Jefterson Odhner

PH (407) 894-7966

£mp: 1
Lightware 1ech..eng. lab..scienafic 3812
and research -

Omni Products, Inc.

Mail: 4122 Mercy indusinal C1.
Fi 32808-3811

Wilkam A Darty, President

PH {407) 299-4950

Tol-Free: 1-800-432-8305

Emp. 12
Aulo roi-up awngs & 1. v.
access

Oriando

Export

2591

Opuonic Laboratories, Inc.
Kolimorgen Corporation
Maid. 4470 35th St
Fi 32811-6590
Wilkam E. Schneder, Prasident
PH (407) 422-3171 Expon
Fax: {407) 648-5412
Emp. 34
Opucal radiation measurement
equp ’
Standards
Cabbeanon servces

3829

‘3825
3423

B-196 -

Orange Business Systems b
Mad. 354 1-C Eagewater Dr
Fl 32804-2921
Kay Eckford
PH {407) 298-4876
Emp. 2
Programming sernces ng)
Turmnkey systems- .-

Orange County Concrete Div
Mai: P.O Box 13377
F1 32809
Holtand Cockcroft, Gen Mgr
PH (407) 855-5274
Emp. 42 °
Ready mixed cohcrete
Concrete blocks

Orange Culvert Company
Mad: 301 N. vy La.

F1 328114237
Richard W. Moore, Pressdent
PH (407} 299-4822

Emp: 12
Cuhvert ppe
Fabncaung

Orangsoisln'butors, Inc.

Mail: 2708 Hazelhurst Ave.
F132804-2794
W. Ronald Cornet, President
Carole Cornett, CPA, Sec/Trea:
PH (407) 295-2217 Imy.
Fax' (407) 291-6455
Toll-Free, 1-800-777-6012
Emp: 23

Tapes, prassure sensilive
Tapes, elecincal, duct, masking
Straping, sieel, plasuc

Orange Hearing Aid Center, |
Madl: 1503 S Orange Ave
Fi 32806-2190
PH (407) 849-6520
Emp: C]
Heanng ads and accessones

Orange Shopper
Mal: P. 0. Box 771026 W«
FI134777-1026 *
John A Lowe, Gen Mgr
PH (407) 656-2342
Emp: 20
Print shappang gude

Orange State Caskets Sales, .
Mail. P O. Box 151195
Fl 33684-1195
W. F. Durham, Manager
PH {407} 293-4793
Emp: 6
Wooden & metal bunal caskels

Orbital Path Inc.
P.0.80x 3058 \
Mail: Po. Box 3058
FI 32790-3058
Thomas Wray .
Emp: 10
Space research and technokogy

Orion Electronics
Mal: 6305 Moore St
F1 328185911
PH (407) 298-5688
Emp 5
fcontrol manufaciurers nausind)

Orlando Art Meta! -
Mad: 2020 W. Washingion St.
F1 32805-1226
Richard Lomerson, Prescent
PH (407) 423-3018
Emp. 3
Burglar bars, secunty goors
Gates & fences
Rakngs
Coilumns & mtenor ron decorsin,
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Computer Task Group Inc Control Laser Corp. Creative Computer Center Custom Cable Industries

B-188

Mal: 7600 Southiand Blivd Orando  Quantronix Corp. Mail. 1225 E Colorual Drive Orlando Mal: 2221 Lee Ra.
F1 32809 Mad- 7503 Chancelior Dr. Orlando F1 32803-4779 Fi 32789-1868
PH {407) 859-4801 Fl 32809-8505 J. M. Gibson, Owner’ Tom Oden, Gen Mgr
Emp: 43 J. Richard Crowie® Pres “  PH (407) 8940789 Steve Weimen
fcomputers-sofiware & sennce) 7322 David Montes, Nat'i Sis Mgr Emp: 18 Maaiyn Srruth .
(daia processing services) 7374 PH {407) 438-2500 Import & Export Dev computer software 7372 PH (407} 629-2112
T Fax: (407) 851-2720 L Apple, Mcintosh, Epson computer 7379 © 42
Toh-Free: 1-800-327-6036 ' sfwre accessornes - Computer cadies N
Concurrent Computer Corp/Southem - Emp. . 80 : :
Dev Ctr/ M/S 795 e systems 3669 Creative Engineering, Inc. Custom Craft Bindery
Mail. 2486 Sandlake Road Orlando Mad: 47 W. Jefterson Orlanc~ Mad: 2309 N. Orange Ave.
Fi 32809-7686 .. Fi 32801-1882 FI 32804-5510
Sanjay Tikku H Aaron Fechter Jerry D. Sruder, Owner .
P 1407) 860-1040 Control Micro Systems Inc. Mot A Foctier PH 1407) 8964701
Emp: 18 6961 Hanging Moss Road Orlando Auce Ann Dowon Emp. a
Develope software ces 7372 Ma: 39392]807-503299 Road PH {407) 425-1001 Expont Book binder & restoraton
PH (407) 679-9718 F‘E;r::_o" 425-1007
Emp: 5 , stom Metal Designs, Inc.
Conestoga Toppers Computer soltware svcs 7372 Anmated mbois 3678 cu1 7316 Swl: Hoesaga West
Mai. 5650 W Colonial Dr. Orando ~ Industnd iaser conirol systems 3812 : v w.
FI 32808-76 14 Laser marker kits 3812 (Creative Packaging, Inc. . Mal: P.O Box 771034
M. Howdett, President Mail: 611 Roo-nson7Sl. W’ Orando Fl 34777-1034
PH (407) 293-1343 Fi 32801-179 mes
Emp. 1§ - D. Cook Lumber Company Jack C. Simms, President 15:‘1(4&071 6‘5279;‘?:"[ Imy,
© Fuerglass truck tops 3089 Mad: 5901 Beggs Ad. Orlando PH [407) 422-2579 Fax: (407 656-6230
F1 32810-2656 Emp: 4 ' Tol-Free. 1-800-334-1777
G. V Cook. President Conv. of packaging hims & fods 3569 Emp, A0 .
Consili Harry Aroan, Vice Pres Converters of polyetheiene 3089 Cavialbonveyors
onsilium Michaet Guarnein Pnniers, bagmakers’ 3089 Case conveyors
Mail: 2250 Lucren Way #100 Maittand PH (407) 293-1811 Can conveyors
Fi 327517013 Fax (407) 241-2865 . . :
Ken Kune. Nul Sis Mg Emp: 7 Cress Chemical & Equipment Co., Inc. .
PH (407) 660-1117 Export Pressure treat wood 2491 Maid: 1043 S Orange Blossom Trad Custom Research, Inc.
Emp 9 F1 32805-3739 Orlando "
Computer systems for laciones 3575 Warren Cressman, President :‘?‘5 PB gl goo:ogn;lﬁDr
Monitonng & conirol software 3825 Cookin’ Good - Showell Farms, Inc./ Stephen L Cressman "Winter Park. Fl 32790-05
Of Fiorida PH (407) 425-2846 Bun Bell. Plesnde.nr
210 Easi Story Rd Ocoee TOE;:‘LGO: 1-48(.‘0-226-5222 Donna W. Bell, Sec/Treas
Consolidated Food Management Corp/ . Mal. Fﬁ- 33-7%? 3;17 Cleaning supphes. fleet & a0 3663 FP: _47%; )zsgegggs Imp
dba Romagnola Don Muth, Manager pressure washers Emp. 6
Mal.-Fi: 732207 glz Forsyth Ra. Winter Park Gal Mott Business consulung sences
Herbent Prokscha PH 1407) 6502631 Crystal Water Co Inc Envmmatt coomsfielng acubat
Peter Fucns Ch:cmkgﬁ wrkey & duck 2018 Mal 3500 Siver Star Rd. Ortando Maze ocessor controliers
PH (407} 679-1907 impon & Expon - : FI 328084624 New orodoct b
Fax. (407) 657-0168 John Houser, Dwv Mgr lew researc
Emp: 45 Correct Craft, Inc. Paul Coe. Prant Mgr
Pasta products 2098 Mai 6100 § Orange Avenue o PHE r(:g” 2%?)'0‘30 \ D & G Enterprises
Fl 326809 Bottied water 2086 Ml B 19632
Waiter N. Mailoon, CEO/Pres Fi 32858
Contemporary Panels, Inc. PH (407) 855-4141 Export Davd Goings *
Mal 965 Taft Vinetand Rd. Odando  Fax (407) B851-7844 Cues, Inc. - Emp. O .
FI 32824-8004 Emp: 170 Mad: 3501 Vineland Rd. Orango ~ Buswess consulung servces
Cifford L Wonderly. President Mitg. boats & traders 3731 Fi 32811-6484
Scou Wonderty, VP/Salas Henry B. Lange, Pres :
PH (407) 885-4890 Expon W. Huer, Vice Pres D’;“f m’"“ &I°°'
Fax: {407) 857-1786 Cortez, Inc. PH (407) B49-0190 Expon - 323351312 o
Emp. 12 ) 700 Roper Parkway Ocoee Emp: 97 s i President
Cooler/lreazer insul bidg panels 3449 Mai: P. O. Box 25 ; Sewer mantenance equpment 3589 P;‘Mws;; S‘ae%ulzglis
FI 34761-0025 Closed cucut v equipment sewer 3663 e o
Ed Contez, President anvirorment Pr m;:m arcratt
Continental Baking Co Donna Cortez, Vice Pres. Closed circurt tv equpment 3663 ect faft pants .
Mot 2530 N clx 9 Biossom Tral PH {407) 6564397 ndustral
A ail: 2 32804-4;8? ssum Tra Faé_ng.(ﬁ) %%6—4557 Damon Corporation
R Jim Minto, Branch Mgr Design.nstal & fabr. proces. equp 3498 Cuisine Des Chefs Mad. 255 N Lakemont Ave
PH (407) 423-7131 . Mai 2441 Oriando Central Powy. Fi 32792
Emp: | 42 } Fi 32809-5654 Orando  PH (407) 644-1555
Bakery products 2052 Counterforce Electronic Security, inc. Michact Neunar, Exec Mor e vasung laboraiones
Deal Co., Inc. ! -
Mai: 1331 W. Central Bivd. Oanco P “fg.’, ag;fgs‘gs Import & Expont -
Continental Can Co. inc. Fi 32805-1794 °Em‘p ] 50 - Daniels & Asgociates Inc
Mail: P. O Box 369 Winter Garden Gene Pashuck Bakery 2051 Mai. 135 Waii St Ste 102
Fi 32787 Joe Oppelt. Jr ery products F1 32801-4609
C. D. Turner, Plant Mgr. PH {407) 843-6426 Henry A. Goldstein
PH (407} 656-2224 Export Tot-Free: 1-800-432-4745 Currys Printing Co, Inc. Robert Johnson
. . _Emp. 140 Emp: 15 . Mal; 544 W. Cenural Bvd. Oriando PH (407) 6484815
® Tncons 3411 Compigle secunty sy 3669 Ft 32801-2591 Emp: 5
. Larry Laffler, Pressdent {camputer software svcs)
AP L PH (407) 425-1685 Paging
c N Crawford Equipment & Engineering Emp: 6 Cettular phones
ontractors Equipment Rental Co. 436 W. Lanastreer Road Oriando Commercaal prnting - offset 2752
Dealco . Mal: P. O. Box 593243 : i
1331 W. Central Bivd. Oriando Fl1 32859-3243 Daniels Mfg. Corporation
Mal: P. O Box 3542 Jim Crawford, Owner Curtis 1000, Inc. ) Mat: 6103 Anno Ave.
- F1 32802-3542 Steve Atunson, Gen Mgr Mai: P. 0. Box 593200 Orando F1 32809-5099
Troy Deal, Jr PH (407) 851-0983 Export FI 32859-3200 George G Daneels, President
Gene Pashuck Fax: (407) 851-2406 James W. Miller, Dv Mgr Dave Ketly, Sales/Mkig
PH (407) 849-6420 Toil-Free: 1-800-228-0884 PH (407) 855-8320 PH (407) 855-6161  ~_Exp.
Tol-Free: 1-800-432-4745 Emp. 27 Fax: (407) 851-1229 Emp. 153 o
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Map series and quadrangles

Each map in a U. S. Geological Survey series conforms to
established specifications for size, scale, content, and
symbolization. Except for maps which are formatted on a
County or State basis, USGS quadrangle series maps cover
areas bounded by parallels of latitude and meridians of
longitude.

Mép scale

Map scale is the relationship between distance on a map and
the corresponding distance on the ground. Scale is expressed
as a ratio, such as 1:25,000, and shown graphically by bar
scales marked in feet and miles or in meters and kilometers.

Standard edition maps

Standard edition topographic maps are produced at 1:20,000
scale (Puerto Rico) and 1:24,000 or 1:25,000 scale
{conterminous United States and Hawaii) in either 7.5 x 7.5- or
7.5 x 15-minute format. In Aiaska, standard edition maps are
available at 1:63,360 scale in 7.5 x 20 to 36-minute
quadrangles. Generally, distances and elevations on 1:24,000-
scale maps are given in conventional units: miles and feet, and
on 1:25,000-scale maps in metric units: kilometers and meters.

The shape of the Earth’s surface, portrayed by contours, is the
distinctive characteristic of topographic maps. Contours are
imaginary lines which follow the land surface or the ocean
bottom at a constant elevation above or below sea level. The
contour interval is the elevation difterence between adjacent
contour lines. The contour interval is chosen on the basis of
the map scale and on the local relief. A smalil contour interval
is used for flat areas; larger intervals are used for
mountainous terrain. In very flat areas, the contour interval
may not show sufficient surface detail and supplementary
contours at less than the regular interval are used.

The use of color helps to distinguish kinds of features:

Black — cultural features such as roads and buildings.

Blue —~ hydrographic features such as lakes and rivers.

Brown — hypsographic features shown by contour lines.

Green — woodland cover, scrub, orcherds, and vineyards.

Red - important roads and public land survey system.

Purple — features added from aerial photographs during
map revision. The changes are not field checked.

Some quadrangles are mapped by a combination of or-
thophotographic images and map symbols. Orthophotographs
are derived from aerial photographs by removing image dis-
placements due to camera tift and terrain refief variations. An
orthophotoquad is a standard quadrangle format map on
which an orthophotograph is combined with a grid, a few
place names, and highway route numbers. An orthophotomap
is a standard quadrangle format map on which a color en-
hanced orthophotograph is combined with the normal carto-
graphic detail of a standard edition topographic map.

Provisional edition maps

Provisional edition maps are produced at 1:24,000 or 1:25,000
scale (1:63,360 for Alaskan 15-minute maps) in conventionat or
metric units and in either a 7.5 x 7.5- or 7.5 x 15-minute format.
Map content generally is the same as for standard edition
1:24,000- or 1:25,000-scale quadrangle maps. However,
modified symbolism and production procedures are used to
speed up the completion of U.S. large-scale topographic map
coverage.

The maps reflect a provisional rather than a finished
appearance. For most map features and type, the original
manuscripts which are prepared when the map is compiled
from aerial photographs, including hand lettering, serve as the
final copy for printing. Typeset lettering is applied only for
features which are designated by an approved name. The
number of names and descriptive labels shown on provisional
maps is less than that shown on standard edition maps. For
example, church, school, road, and railroad names are
omitted.

Provisional edition maps are sold and distributed under the
same procedures that apply to standard edition maps. At some
future time, provisional maps will be updated and reissued as
standard edition topographic maps.

National Mapping Program indexes

indexes for each State, Puerto Rico, the U. S. Virgin islands,
Guam, American Samoa, and Antarctica are available.
Separate indexes are available for 1:100,000-scale quadrangie
and county maps; USGS/Defense Mapping Agency 15-minute
(1:50,000-scale) maps; U. S. small scale maps (1:250,000.
1:1,000,000, 1:2,000,000 scale; State base maps; and U. S
maps); land use/land cover products; and digital cartographic
products.




Series Scale 1 inch represents 1 centimeter Size (latitude Area

approximately represents x longitude) {square miles)

Puerto Rico 7.5-minute .......... 1:20,000 1,667 feet 200 meters 7.5 x 7.5 min. 7

75-MiNULe ... 1:24,000 2,000 feet (exact) 240 meters 7.5 x 7.5 min. 49 to 70

75minute ......... ..ot 1:25,000 2,083 feet 250 meters 7.5 x'7.5 min. 49 to 70

75 x 15-minute ................ 1:25,000 2,083 feet 250 meters 7.5 x 156 min. 98 to 140

USGS/DMA 15-minute . .......... 1:50,000 4,166 feet 500 meters 15 x 15 min. 197 to 282

15-minute ...l 1:62,500 1 mile 625 meters 15 x 15 min. 197 to 282

Alaska 1:63,360 ............... o - 1:63,360 ~ 1 mile (exact} 633.6 meters - 15 x.20 to 36 min. 207 to 281

County 1:50,000 ................ 1:50,000 4,166 feet 500 meters County area Varies

County 1:100,000 .. ............. 1:100,000 1.6 miles 1 kilometer County area Varies

30 x 60-minute ................. 1:100,000 1.6 miles 1 kilometer 30 x 60 min. 1,568 to 2,240

U.S.1:250000................. 1:250,000 4 miles 2.5 kilometers 1°x2°0r 3 4,580 to 8,669

State MBPS .....vvvrvrennnnnnnn 1:500,000 8 miles 5 kilometers State area Varies

U.S. 11000000 ............... 1:1,000,000 16 miles 10 kilometers 4° x 6° 73,734 to 102,759

U.S. Sectional ................. 1:2,000,000 32 miles 20 kilometers State groups Varies

Antarctica 1:250,000 ............ 1:250,000 4 miles 2.5 kilometers 1°x 3°to 15° 4,089 to 8,336

Antarctica 1:500,000 ............ 1:500,000 8 miles 5 kilometers 2°x75° 28,174 t0 30,462

How to order maps

Mail orders. Order by map name, State, and series/scale. Payment by money order or check payable to the
U. S. Geological Survey must accompany your order. Your complete address, including ZIP code, is required.

Maps of areas east of the Mississippi River,
including Minnesota, Puerto Rico, the Virgin
Islands of the United States, and Antarctica.

Maps of areas west of the Mississippi River,
including Alaska, Hawaii, Louisiana, American

Samoa, and Guam.

New Federal Building — Box 12, 101 Twelfth Avenue, Fairbanks, AK 99701,

Eastern Distribution Branch

U. S. Geological Survey
1200 South Eads Street
Arlington, VA 22202

Wastern Distribution Branch

U. S. Geological Survey

Box 25286, Federal Center

Denver, CO 80225
A single order combining both eastern and western maps may be placed with either office.
Residents of Alaska may order Alaska maps or an index for Alaska from the Alaska Distribution Saction, U. S. Geological Survey,

Sales counters. Maps of the area may be purchased over the counter at the following U. S. Geological Survey offices.
Room 108, Skyline Building, 508 Second Avenue

Alaska .................. Anchorage
Fairbanks
California. ............... Los Angeles
Menlo Park
San Francisco
Colorado ................ Denver
Denver
District of Columbia ...... Washington
Missouri ................ Rolla
Texas Dallas
Utah.................... Sait Lake City
Virginia ............. ... Arlington
Reston
Washington.............. Spokane

Commercial dealers. Names and addresses of dealers are listed in each State index. Commercial dealers sell
U. S. Geological Survey maps at their own prices.

Room 126, New Federal Building, 101 Twelfth Avenue

Room 7638, Federal Building, 300 North Los Angeles Street
Room 122, Building 3, 345 Middlefield Road

Room 504, Custom House, 555 Battery Street
Building 41, Federal Center
Room 169, Federal Building, 1961 Stout Street
Room 1028, General Services Administration Bldg., 18th and F Sts. NW
1400 Independence Road

.Room 1C45, Federal Building, 1100 Commaerce Strest
Room 8105, Federal Building, 125 South State Street

1200 South Eads Street
Room 1C402, National Center, 12201 Sunrise Valley Drive
Room 678, U. S. Court House, West 920 Riverside Avenue




Provisional edition maps - metric or conventional units

e ———

Metric unit maps

1
Conventional unit maps |
CONTROL DATA AND MONUMENTS
Not Not
Aerial photograph roll and frame number ....... Shown Shown
Horizontal control: 1
: - Neace Neace
Third order or better, permanent r!\ark ........ Y
With third order of better elevation ........... BM | [BM,
S . 148 45.1
Checked spot elevation .................... A6s 2186
Coincident with section corner ............... L—- Y Ay
Cactus | Cactus;
Unmonumented .......... e Not Shown| |Not Shown
Vertical control:

. ith tabl BM BMX
Third order or better, with tablet ............. g3 163
Third order 91 better, recoverable mark ....... .| .;‘394 ,?\-20.0
Bench mark at found saction corner .......... | BM e |BM,

é 18.11
. | 1
Spotelevation...............ooeuuit i " “ g3
Boundary monument:
_ BM BM
Withtablet................ ..o, a 71 218
Without tablet ...................ociiiin, ez 913
With number and slevation .................. 579985 570_””
U.S. mineral or locstion monument ............. . a
BOUNDARIES
National ....... ... e = =

State or territorial
County orequivalent . ................ccovnnnns
Civil township or equivalent ...................
Incorporated-city or equivalent
Park, reservation, or monument

Small Park .. ... e

LAND SURVEY SYSTEMS
U.S. Public Land Survey System:

3-20

Neace
i
P ke

Em
a5

Not Shown|
1

O sp2

67 D948
unm
A&

Township or range line ................c...ue
Location doubtful ..................coelil, b —
Section line ..o, Lo —
Location doubtful ................coiiiln, L — —
Found section corner; found closing corner ... [ ,L R l_
Witness corner; meander COMer.....oveennn. |wel, _ _:
[

.

Provisional edition maps - metric or conventional units

Metric unit maps

Conventional unit maps

1

Other land surveys:
Township or range line
Section line ............oviiiiiiiiiiiiienns

Land grant or mining claim; monument ......... .

Fence line ........... e, e

ROADS AND RELATED FEATURES
Primary highway ......................

Secondary highway ....................0ceue

Lightdutyroad ....................cooiiat X

Dual highway ...........cocoviiiiiiiinvnnnn

Dual highway with median strip ................
Road under construction ......................

BUILDINGS AND RELATED FEATURES
Dwelling or piace of empioyment: smalf; large . ..
School; church ........ ..ol

Bam, warshouse, etc.: small; large

Landing 8trip ..........cociiiiiiiiiii :

Well (other than water); windmill ...............
Water tank: small; large.......................
Other tank: small; large .......................
Covered reservoir ...................c.coveenes
Gaging StAtION . ........ .. iiiiiiiiiiiiiiines
Landmark object ..............iiiiiiiiiiae
Campground; picnic 8réa ......................

Cemetery: small; large ................ T
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Provisionai edition maps - mmic or ﬁoyl units 1 Provisional edition maps - metric or conventional units ,
. Metric unit maps . . : 1 Metric unit maps :
Conventionsl unit maps ~ - g Conventional unit mape . , .l
RAILROADS AND RELATED FEATURES SURFACE FEATURES
Standard gauge single track; station ............ . — . LBVBB ..ot [P ..
Standerd gauge multiple track ................. Sand or mud area, dunes, or shifting sand
ADENAONBA ... .. ...eiii i e b ——q + —_——e _._* Intricste suriace area........ e 2
Under construction .............ccoeieiivenaaas ), 1F 1 b Gravel beach or glacial moraine
Narrow gauge single track ..................... - Tailings pond
Narrow gauge multiple track ...................
Railroad in stréet . ...........c.coveniiinninns e . - VEGETATION
Juxtaposition .............. R PR PR e WOOOS ... eeteennee et ee et enaeainanans
Roundhouse and tumtablo ..................... o) s ) —@—) SOIUD - -
_ Orchard ...
TRANSMISSION LINES AND PWPELINES Rt 2N 5\ Vinayard ...
Power transmission Iine:' pole; tower ........... NONTON e MBNGIOVE v veeereereeeeeeeee 3 )'75.;‘53-“ "-:5'{,'-’;\-';5& {:;a,‘_‘},'_
Telephone or telegraph line. .. .... Teteprons ) PRI QU
Aboveground oil or gas pipeline .. :’;::;:‘:‘ MARINE SHORELINE
Underground oil or gas pipaline |Ppetine | Topographic maps:
CONTOURS Approximate mean high water ............... PR [ SSRGS ) B
Topographic: indefinite or unsurveyed ..................... LR B ISR A
Intermediate .............ocieiiiiiiiiiinn. R B S— Topographic-bathymetric maps:
HIGBK oot Mean high water .............cccoevninns L . % - Not
SUPDIBMBALATY ...\ eevrireeeennannnneanens Apparent (edge of vegetation} ................ oo fome ——-| | Show
_____,_? Depression )
Cut; fill o COASTAL FEATURES
Bathymetric: ' Foreghore flat .................cciiieiiinll
Intermediate ............. UTUTTRTT L1 L_\{ Rock or coral reef .............coooiiieninn
INABX et e e e — L\( Rock bare or awash
PRIMBIY . centianaenn e enieeniaieieans / L\{ sr?'o%:, " Group of rocks bare or awash
INGEX PEMBIY v e ee o eeeseeeenerneenannens /’ﬂ B Exposed wrack ...,
SUPPIBMONAIY ... oeeeeeiseneeieiaeeinnn T/ N Depth curve; sounding
Braskwater, pier, jetty, or wharf
MINES AND CAVES  BEBWAN L.
| Quarry or open pit mine ............... s = By x
Gravel, sand, clay, or borrow pit ‘ ...... = EX * BATHYMETRIC FEATURES
Mine tunnel or cave entrance .................. — iy —< Area exposed at mean low tide; sounding datum.:'i _J ~_ —J
Prospect; mine shaft . ......................... L e x . A‘_n Channel ............iiiiieiiiiii e Lo _W o T St:t
Ming dUMP .. veeeieriecaneeienennne . (‘Zi:;‘ Offshore oil or gas: well; platform ............. S ° a
Tailings ... (latngs )| Sunken 10CK ..o , +
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Provisional edition maps - metric or conventional units —)
Motric unit maps —
Conventional unit maps
. _RIVERS, LAKES, AND CANALS
§ Intermittent stream ............ccovuneiivanenas —— _
Intermittent river .............. i,
Disappearing 6tream ...............ccoiiunnin. AP B R ;
Perennial Str88M ...........c...ccoeiiieiiinn. SNSNENNY I AU [ SRR
POIONNIBI VB . ...o.rerreereserenrcninens A i
Small falls; small rapids ................ e ] ] [ :
, Large falls; large<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>